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ABSTRACT

A study was performed to develop new Personnel Subsystem Test and Evalua-
tion (PSTE) techniques for use during Categories I, II, and III Testing of
ground operator and maintenance type functions. This report is concerned with
the development, modification, and refinement of a video tape recording system
as a PSTE techaique. Equip-ent and operational procedures developed fo: the
technique were evalvated u.uer various conditions inciuding Category II Testing
at an Air Porce Base. Results showed the utility of the video tape recording
technique for design and procedures “avelopment and training functions as well
as for PSTE. Specific reccmmendations are given for efficient uze of this
technique from system concept through operational use.
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SUMMARY AND CONCLUSIONS

Problem: The niman component of complex Alr Force weapon systems con-
stitutes a vital p.... >t the system. If such things as personnel manning, or
human engineering of the system are done haphazardly, the efficieacy of the
system will be degraded, cost of carrying out the system's mission will go up,
and personnel opearating and maintaining the system might even be placed in
danger. To guard against mistakes like this occurring and to insure that Air
Force systems are well designed from the human standpoint, systems under
developmert are subjected to a process kiiown as Personnel Subsystem Test and
Evaluation (PSTE). The purpose of PSTE is to check the various Personnel
Subsystem elements (e.g., Human Engineering, Qualitative ard Quantitative
Personnel Requirements Informantion, Training Equipment) for their adequacy
during various stages of system development (Category 1, II, and III testing).
In principle, the PSTE process should insure that systems are well designed
from the human factors standpoint. In practice, PSTE has nct always been
effective, One reascn for this is that PSTE has usually been concentrated
late in the system development process (e.g., Category Il Testing). By this
time system design is frozen to the exten® that changes are enormously costly
and time-consuming. Changes are generally instituted oaly when a zafety
problem exists, or when modificationr in & training procedure seems practical.
Another reason for this is that the measurement tools used for conducting
PSTE have typically been restricted to interviews, checklists and questicn-
naires. Toesc methods do not yield very good data cbout humans performing
in a aystems context. The research problem, then, was to develop a number of
PSTE techniques that sbjectively s=asure human performance in a systems
environment. Further, 't had to be demonstrated that these techriques as used
in a field system testing exercise could impact system design. To do this,
the techniques had to be applied in situations 'efore design is completely
fixed and they had to produce convincing enougs data to persuade design
engineers, cateogry test officiale and System Program Office (SPC) personnel
to institute design and/or procedural changes.

Approach: Three techniques were chosen for development and field testing.
Besides video tape recording, these included a press camera with a Polaroid
back (covered in AFPHRL-TR-69-17) and a miniature event recorder (AFHRL-TR-6Y-
16). The systems selected as test vehicies (various models of the F-4 air-
craft) were undergoing Category II Tusting at Edwards AFB, California and
Nellis AFB, Nevada. Subsystems dealt with during the study included the
AN/APQ Radar, thu ‘avtin Baker Mark H7 rocket ejection seat and the Rockeye
MX20 bomb. Tasks evaiuated using the video tape equipment included such
things as veapons hanging, maintenance of the Martin Baker seat, a trial
{nstallation of a development stage missile, and technical order validation.
Because the F-4 is an aircraft that has undergone a number of model changes,
it wvas considerad as a good system on vhich to probe the lixitations and uses
of video tape recording as a PSTE tool. Thus, design and procedure change
recommendstions could be incorporated into later models. The .ideo tape
recording equipment was specially modified at the contractor's facility for
portability znd ease of operation required for efficient data gathering in the
system test situstion (which s charactirizec by a requirement for quick
reaction). The principal investigator speut a total of four months a. Edwards
AFB (during this time traveling to Nellis AFB). The purpose vas to record
test situations that had implications for human factors design, and to convimce
the various people rasponsible for system texting and design (e.g., malor air
commsnds, SPO, testing and contractor personnei! of the value of the technique.
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Extensive field evaluation of the technique was accomplished because this was
the only way to demonstrate that the technique was valuabie for carrying nut
its intended purpose, and to probe the limits of its usefulness. A detailed
procedur. describing the particular configuration ¢f the video tape equipment
used in the research effort and procedures for 1ts field use are contained in
the appendix.

Resul:s: Video tape recording proved to be a valuable PSTE tool over a
rather diverse range of uses that were covered in the study. To give an
example, an AGM65A launcher with dummy missiles attached was mounted on the
wing of an F-4F aircraft and the activity was recorded on video tape. There
was difficulty in this operation and none of the personnel concerned with the
test could determine the nature of the problem. However, careful study of
the video tape recording revealed a number of problems with the procedures,
and some minor equipment design problems. These problems could be determined
on the spcc and remedies taken immediately so that valuable testing time wan
not wasted. Further, a record of the procedure was available for uvse by
engineers, technical writers, and training personnel. This particular task
was also filmed but the video tape recording proved to be superior in at least
two respects. The video tape provided immediate playback capabilitv and a
fuller range of events of concern to PSTE personnel then did the £ilim., There
are a number of other examples of the value of this video tape recording in
impacting system desizgn in the full report. The study indicated that the
video tape recording technique has the fcllowing characteristics: (1) It can
ohjectively measure human performance. (2) 1t can provide data that is use-
ful to a system test effort. (3) It produces very little interference with
the ongoing test effort. (4) It can be used tec provide useful data with
regard to a wide number of subsystems and systems operated over a wide
range of conditions. (5) It provides a rapid playback capabiiity. (6) It
can generate data that is useful in modifying equipment design to result in
more efficient, safe and less expensive maintenance and operetion. It can
result in improved procedures. (7) The video tape recording car be used ac a
training aid. (8) A video tape recording of Air Force personnel operating
equipment under field cor. .itions provides ver; convincing evidence in the case
when equipment design or procedures need modification. (9) The video tape
equipment can be relatively inexpensive (as low as several thousand dollars,
including all costs connected with its use over a period of several years).

It can be portable and is easy for untrained personnel to learn to use. One
area that needs further investigation is how to extract certain types of
information from the recording for distribution to the correct, responsible
organizations. The general problem of retrieving and reducing data from video
recordings needs to be further {nvestigated.

Conclusions: The use of video tape recording a#s a method of assessing
performance {n the context of system testing has been demonstrated to have
real potential. There are a number of {nexpensive, easy-to-use video tape
recording systems wvhich should be made available to PSTE perscnnel at the test
sites and at contractor facilities. A particular effort should be made te
fnstitute the human factors testing program as early in the system development
process as is possible. This {s the most cost-effective way syscems can be
well designed from a human factors viewpoint.

This summarv wvas prepared by J. Peter Kincaid, Personnel and Training
Requirements Branch, Training Research Division, Air Force Human Resources
Laboratory.
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SZCTION I

INTRODUCTION
PROBLENM i
The Air Force Personnel Subsystem Test and Evaluation (PSTE) programe
have been hampered by two problems: (1) PETE equipment has not alvays been

adequate, and (2) PSTE has sometimes been thought of as an isolated element
that 1s tacked onto the end of syatem development,

In part, the first problem is a csrry-over from the time vhen human en-
gineering was directed primarily toward air crew/cockpit evaluation. Emphasis
vas placed on problems such as oxygen consumption, toxic gases, vertigo, and
night vision. Most of the equipaent required wvas epecialized for measuring a
specific substance or physical value.

With the advent of the total system concept, many of the techniques and
equipment used for air crew/cockpit evalustions were retained and redirected
toward maintenance. However, these methods do not provide the broad approach
required for evaluating human performance in the system.

The inadequacies of currently used PSTE techniques are aggravated in most
Category test situations by the conditions of understaffed PSTE teams and the
great quantity of system personnel, equipment, and procedures to be evaluated.

Concerning the second problem, in a well conceifved and executed Personnel
Subsystem (PS) program, PSTE is not treated as an isolated element. Rasther,
PSTE s tied into human engineering and 1ife support, training and training
equipment, qualitative and quantitative personnel requirement information,
and personnel-equipment data. Even when the system 18 considered as being
operational, the knowledge gained in these efforts is applied to Engineering
Change Proposals (ECP's), later models, and advanced design projects.

PSTE planning should concentrace on those systems, subsystems, and com
ponents wost likely to cause problems when ugser personnel operate and maintain
them. This basic problemsolution orientation requires quick and accurate
identification of critical tasks.

FURPOSE

The purpose of this study was to identify, develop and assess nev devices,
{nstruments, and techniques for making PSTE a more effective process.

APPROACH

The approach to the solution of the PSTE problems consisted of the
foilowing steps:

a. Selectlon of two sulsysicus {- be used for validation of new PSTE
techniques.




b. Study of selected subsystems to identify major points and conditions
where PSTE of ground operator and maintenance type functions should
be accomplished.

¢. Evaluation of techniques and equipment that would have the potential
for improving PSTE, and selection of three that seemed to be most
promising.

d. Development of selected techniques and equipment with modifications
and additions to make them fieldworthy.

e. Development of test guides for implementation of the techniques to
specific subgystems under cstegory test environment. These test
guides specified the test criteria, step-by-step instructions, and
treatment of data.

f. Application of the techniques to the category testing of two sub-
systems.

g§. Assessment of the value of the techniques to PSTE, PS elements, the
test effort, and the potential of the techniques in evaluating early
design and development.

h. Identification of the unique capabilities of the techniques in con-
trast to standard PSTE practices.

i. Definition of further advancement in the techniques in terms of
modification and application.

During the early phases of the study, two kinds of activity were carried
out simultaneously and in parallel. Omne was the sequence of events concerned
with selection and development of new PSTE techniques, and the other was con-
cerned with the study of two current aircraft systems upon which to apply the
techniques under category test conditions. The detailed steps in the approach
are shown in Figure 1.

OVERVIEW

The results of most PSTE programs have indicated that the total require-
ments for PSTE, as definzd in AFSOM 80-3, AFR 30-8, and AFR 80-14, exceed the
capabilities of the normal staffing of the PSTE team. At the same time, how-
ever, there is general agreement asmong test personnel that an expansion of
PSTE is warranted.

In the past the pilot/cockpit evaluation has receivad most of the PSTE
teams' attention and effort. An important reason for this emphasls wvas the
corcentration of human factors personrel on the aircraft operator functions.
Another reason wvas that Alir Force Systems Command (AFSC) pilots and engineers
have been highly trained in investigating aircrew/cockpit and flight problems.
Therefore, the reporting system in this area has been adequate. This should
not be construed as being over-evsluationm.
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However, it is apparent that maintenance, technical publications, AGE,
maintenance training, and maintenance training equipment have not received
adequate evaluation. Maintenance is a difficult area to evaluate. Perl.aps
this is one reason that it has been avoided. Serious and obvious maintenance
problems get reported, but there are numerous others that are unreported and
poorly identified.

This study was designed to improve the ability of the PSTE team to isolate,
identify, report, and solve maintenance problems.

At this time PSTE 1s a reactive process, only working in those areas where
problems have been reported. This approech presumes that the maintenance and
air crev personnel are thoroughly familiar with what constituces a PSTE probles.
To a limited extent this approach has been successful, and the results have
been significant. However, this approach to PSTE does not provide for the
methodical wringing out of the system in the manner of engineering and other
test disciplines. Results often verify a problem, but seldom identify one
through analysis. Procedures, equipment, and manning are accepted at face
value with cnly token attempts to assess thea from the viewpoint of muximum
effectiveness. It 1is true that PSTE has haa growing pains, and it has been
better to achieve success on a limi:ed basis than to try to evaluate the
whole personnel subsystem and fail.

Field experience indicates that there is an approach that would provide
for more effective utilization of PSTE manpower and a more methodical and
complete evaluation of the PS elements. This is the development of new
techniques and their associated equipment. The selection, development, and
application of these techniques would be based upon their improving the
efficiency and approach of the PSTE team. To this end a series of criteria
vere developed to select the candidate techniques,

The three techniques choses were: a video tape recorder (VIR) system,
a 4" x 5" Crown Graphic camera with a Polaroid back, and a miniature eight
channel event recorder.

The video tape recording system is composed of three basic units: a
television camera, a magnetic recorder that is capable of reproducing plicture
and sound, and a monitor that displays the television image. This system is
similar to those used by the television netwciws for pre-recurding programs
for later playback. Some of the major advantages of this systom are:

Full hour of uninterrupted recording capability of picture and sound

Quick playback of recording to assess results, making {t possible to
retake poor shots and evaluate critical tasks

No processing is required
Relatively easy to operate and to assess results

Peclaimable tape that can be used many times




The equipment used in this study was {n the inventory of the McDonnell
Douglas Human Performance Laboratory prior to the beginning of the contract.
Therefore, no specisl procurement of the basic equipment was required. All
of these items were commercially available, off-the~-shelf equipment. This
equipment vas modified to make it fieldworthy and capable of fast resction.
The wodifications are described in Appendix II.

Certain principles of operation and technique identified during the
equipment development will be of value to human factors personnel that have
linited or no experiences in field operations. Most of the modifications were
based upon conditions known to exist at Air Force Bases such as the asccess-
ability of power outlets, the adequacy of ambient light, and the requirements
for mobilicy.

These modifications were tested at the hangars and shops of the McDonnell
Douglas Facility in St. Louls, Missouri. Further modifications were msde vhen
unsatisfactotry or marginal results were obtained.

Test guides were developed for the implementation of the techuiquas.
These test guides define the ohjectives, .riteria, and procedures necessary
for operation and verification of the techniques at the test site.

Several trips were made to the Air Force Bases that had P-4 test projects
in progress. The study was discussed in depth with the variocus test manage-
ment personnel. A high level of interest was shown by the test directors.

All of them indicated that their test teams would cooperate in implementing
the study.

The test site selected for the implementation of the study was the F-4E
Category II test at Edwardas Air Force Base, Califormia.

The equipment was shipped to the test site in mi{-November 1968 and vas
used there for a period of four months. A trip was made to Nellis Afir Force
Bage during the field study to evaluate ordnance handling.

During the verification period, the techniques were used for the TSTE of
two subsystems: the AN/APQ 120 radar, and the Martin Baker Mark H7 ejection
geat. In addition, the technique was applled to various other systems and
subsysteas.

The results of applying these techniques to the subsystems are described
in Section IV. The assessmwent of the technique is discussed in Section V.
In addition, the application of the VIR technique to earlier design and
development phases s covered. The potential of the VIR technique is dependent
to an extent on the further developmeats of the equipment and suggested features
are described.




SECTION II
METHODS
This section describes the selection of techniques and eaquipment, the
development of the selected equipment and fieldworthy devices, and the plans
for applying the techniques to the subsystems in an actual test program. The
methods were based in part upon cxperience gained while implementing PSTE on
four weapcn systems: the F-4C, F-4D, RF-4C, and I-4E aircrafe.
SELECTION OF TECHNIQUES
The great variety of availabie off-the-shelf equipment and known tech-
niques made it necessary to develop selection criteria in orcder to choose
equipment which offered the most potential.

The following criteria were used:

Will Objectively Measure Human Performance

Assessgment of human periormance is sssentfal to PSTE fust ass equipment
performance measurements are essential to engineering. To be realistic,
PSTE during category testing does not lend itself to as fully objective
measurements as does a laboratory situation. It is usually impractical
to attach measuring instruments directly to the mainctenance personnel.
However, the techniques should provide firsthand data in terms of time,
distance, anthropometry, and ta-k difficulty.

Will Provide Data That is Useful to a Svstem Tes: Effort

Data collected for °STE purpuses usually is of importance to o:her test
sections, and the valid interpretarion of tasks may call for multi-
diciplirary interpretaticn. The test director, officers, engireers, and
maintenance personnel need and use FSTE data. The form of data {s {m
portant too, for it may facilitate the understanding and reporting of
the problems.

Can Be Used During Test Activities

The technique should e adavtable to h agrr, flight line, hot line, and
shop environment.

Will Produce Minimum Interfarence with Test Activities

Aside fiom slovirg down rhe mainteriance effort, interference can lead to
invalid information. The techniques should not require spectfal scheduling
of maintenance tasks vhich interrupt the normal work. Extensive instru-
mentaticr of man or egulpment cannot be made because of safety, job
efficifency, ani interference factors.
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Have a Potential of Being Frequently Used end Applicable to Meny
Subsystcmg

Many picces of equipment have uscful applications buc are lim{ited to
very specialized hardvare and human performance areas. PFor example, the
precise measurement of illumination is very useful but has very limited
application to all PS elements or to many subsystems, especially in re-
gard to maintenance functions. Techniques having a broad application in
category testing may also be valuable in the earlier deaign and devslop-
ment phase.

¥Will Be Based on the Technigque as Baing s PSTE Tool in Conttagt to a
Research and Development Tool

It 1s too late in the system development cycle for hardware development
to take place at s category test site. The identification of toxic
compounds, hazardous nois+, and electrical shock hazards should have been
detected earlier in the PS effort. Therefore, PSTE, to be mos” effective,
should concentrate on assessing the people working with the equipment and
not on developing an alternative design. That is, it should be gesred
toward the asgessment of human performance in a systems context.

Csn Be Used By Test Personnel Without Extengive Trainicg

The composition or capabilities of future PSTE teams carmmot ba determined.
Therefore, the techniques should not call for a very high skill level, or
a large smount of prior knowledge.

Will Generate Dats That is Usable by SPO's, Contractors, sad the Afr
Force Commands

Communication between the test site and all interfacing military amd
contractor groups is a severe problem. The data emanating from the
technique should aid in the understanding of the problems and not require
interpretation by experts. Any method that would speed and enhance under-
standing would receive gpecial attention.

Will Bg Adaptable to a Fzst Reaction Situation

A cartegory test is geared to a schedule, snd msintensance “asks are per-
formed as soon as practicable. In additior, wmost maintenacce ‘3 based
oa fatlures, and one cannot anticipate in advance vhet is goin; > fail.
Therefore, PSTE equipment that raquires extensive hookx-up time, calibra-
ticn, and preparation would not be desirable.

Will Provide Results That Have Opera.fonal $ ificance

If the techniques can i{dentify the relationship of the task to launch
time, turn-around time, operational rexdy status, and ordnance uploading
and dowmloading they should be given special consideratton.




All of the preceding criteria were established to provide a better means
for achieving the formal PSTE requirement as defined in AFR 30-8: 'Determine
the adequacy of the persoanel subsystem and accelerate actions when changes
in personnel training and/or manning for the system in its operational en-
vironment are required. Verify that the personnel subsystem is adequately
supported by equipment desfgn, tools, technical data, job environment, train-
ing equipment, personnel selection, manning, and organizational control
procedures."”

The candidate techniques were assessed as to their capabilities in rcgard
to apylying them to PS elements, requirenents known from field experience, and
the selection criteria. Out of a conaiderable field, three techniques were
chosen for submittal to the technical monitor for approval.

a. A video tape recording system composed of a television camera with
lenses, a video tape recorder, and a television monitor. Supporting
the basic equipment were various ancillary items such as a tripod,
l11ghts, cart, and electrical cables required to operate the system.

b. A miniature 8 channel event recorder with hattery pack, and an 8
chanael switch box.

c. A 4" x 5" Crown Graphic camera with a Polarvoid film back.

These three techniques were accepted by the technical monitor for
development and field validation.

The system equipment is described in general terms in Section III and the
complete operating instructions are presented in Appendix I. The technical
data of the off-the-shelf equipment is listed in Appendix III.

SELECTION OF TEST SITE

The value of the selected PSTE techniques was to be determined through
their use in an ongoing category test.

The Engineering Psychology Department at McDonnell Douglas has the respon-
sibility of implementing the personnel subsystem program on the F-4 atrvcraft.
Although the F-4C, RF-4C, and F-4D weapon systems had been developed with PS
progiams, all of these werc operational at the time of tihe study proposal.
Howvever, the F-4F afrcraft was tn Category I, II, & IIIl testirg. In additios,
several major equipment modifications and additions to the F-4% were being
considered or in the process of being developed.

The testing of the F-4F wvas being carried or at three different bases.
Th. Category I test was being conducted at the Mcbonnell Douglas Faclliey at
Fdvards Alr Force Base (AFB), C:ulifornia. The Cstegory Il test was hring
conducted by a joint AFSC and Tactical Afr Command (TAC) test team a° rdwards
AFB. The Category I conducted primar:ly ™y TAT wa- at Nalils AFS, tNevada
and at Eglin AF%, Florida. Severs!l trips 1o each of thenc baves had been nade




for PSTE purposes. Once the study was underway, additional trips were made to
di_cuss the objectives, scope, and requirements of the study. The management
of each of the three tesis was interested in the techniques, and understood
the difficulties in evaluating maintenance. They were especially helpful in
defining the tests that would be applicable to this sctudy.

Selection of the test test site for the study was based on a review of the
potential benefits as well as the possible problems. At the time that the
catego.y test site was being selected, the following assessments were made:

a. Edwards Air Force Base, F-4E Aircraft Category II Test.

This F-4E system and perfoimance test was in its second year of testing.
A formal PSTE program was being implemented by a team composed of AFSC offi-
cers, Alr Training Command Noncommissioned Officers (ATC NCO'S), and contractor
personnel. The management of the test team and all test sections were familiar
with PSTE so no indoctrination would be required. The test program was not
under outside pressure so that tests were not under stress. Because the tests
involved performance verification, primarily, the acceptance of new techniques
in PSTE would not create too much concern.

In addition, the F-4E Category I test was being conducted at the McDonnell
Douglas Facility at Edwards AFB and might provide some basis for evaluation of
activity at an earlier stage of equipment development.

On the negative side, the volume of maintenance was very low because
there were only two F-4E aircraft in system test, and one of these did not
have a radar subsystem. The maintenance was being performed by AFSC, TAC,
contractor, and vendor personnel. These men would not be representative of
an operational unit because their skill level was higher. However, this is
a situation common to most Category tests. The training. training equipment,
and Qualitative and Quantitative Personnel Requirements [nformaticn (QQPRI)
Personnel Subsystem (PS) elements could not receive attention hecause F-4E
training was not being conducted at this base. Also, the logistic supply
situation was not typical at Edwards AFB.

b. Eglin Air Force Base, F-4E Afircraft Category III Test.

The Category III testing on the F-4E was drawing to a close as this study
began. However, operational testing was scheduled to continue during the
study period in a series of 'follow on' tests without the title of Category
ITI testing. The 33rd Tactical Fighter Wing of F-4E's was based at Eglin AFB
and training was still being conducted. Because of the large volume of main-
tenance, waintenance personnel, and the use of operational procedures, this
site offered the most realistic operational environment outside Southeast
Asia.

The 33rd Tactical Fighter Wing was preparing for deployment and because
of the urgency of this preparation certain maintenance functions were beirg
accelerated. 1n addition, the injection of untried techniques into a stress-
ful situation could have created some resentment. Since PSTE was not being



implemented on this program there was no established base from which to work,
and no peovisions for reporting results.

¢. Nellis Alr Porce Base, F-4F Adrcraft Categery III Test.

This test site was also being used as an F-4E Category III test site.
The Category III test managesent and some persounnel were spending time at beth
Bellis and Eglin Alr Force Base. There was & greater volume of maintenance
activity at Nellis than at the Category II test at Edwards AFB, but less than
that at Eglin Air Force Base. The Nallis ope:ation did not have a PSTEZ effort.
The F-4E training and training equipment were not on sita.

d. Recommended Test Site.

Ou the basis of the on-site evaluation of these category tests the follow-
ing recommendations vere made to the technical nonitor of the study.

(1) The curvent Category II test on the F-4F at Edwards A¥3 vill contimue
for several more months and will afford a sound basis for equipment
avaluation urder testing conditions.

(2) The P-4Z Category 1I test personnel at Edwards A7B concur that this
study would be usefui to their effort and will cooperate iu imple-
menting the study.

(3) The McDonnell Douglas Corporation (MDC), Edwards AFB Pacility,
cffers additiopal potential with its F-4E Catczory I effort, and
F-4C/B/J/X/M and RY-4C/B testing. MDC personnei could use results
directly to aid in design changes.

(4) The Directorate of Materiel, Edwards AFB is interested in this etudy,
and will cooperate in its {zplementation. The Director-*e can pro-
vide for evaluation of sircraft and subsystems ove: & wide vange of
mair_enance., In additicre, this Directcrate is at the highesat
nanagement level and interfaces directly with the Base Commander.

(5) MNellis AFB, “evada {s near enough (260 miles) to allow periodic
evaluation under Category III conditions, since several F-4F teste
would be implemented during :he study period. Formal Category III
testing for the Y-4E has been completed st Eglin AFB, Fl rida.

(6) Under the present develcpment of the equipment 1t is felt that there
are some technical problems that could create interference vith the
rapid pace of the Eglin AYS operation. These technical probleams
wvill be solved as part of the study, but it is preferable to avoid
the possibility that these deficiencles might degrad~ operaticnal
msintenance.

In summsry. Edwards AFB can provide an excellenl exposi re of the stuly

techniques to the many testing aisciplines, and can provide for rapid
assimilation of the!'- use intco Zesting programs.
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Edwards AFB wvas approved as the evaluation site by the contract technical
monitor.

SELECTION OF SUBSYSTES

A crucial factor in the selection of subsyotems to be used as evaluatica
vehicles would be the applicability of study results generally tv a wide range
of aerospsce systems, including aircraft, spacecraft, missiles, and command
and control systems. Therefore, the subsystems to be studied had to have
genersl characteristics that elicit: eye-hand coordination, learning, pre-
cision of sovement, perception, and other elsments of humsn behavior. Specif-
1ically, the subsystems had to meet moat of the criteris listed in Table .

In addition, the subsystems would preferebly be in Category II or III
testing during the validation period.

Rundreds of enginsaring changs proposals were beiug developed, epproved,
and implemented on the P-4 series of aircraft. However, some of these changes
would not reach the testing stage prior to December 1968. Others did mot
warrant consideration becsuse of their characteristics, simplicity, or the
improbability that they would require maintenance.

TASLE ¢ SUBSYSTEM SELECTION CRITERIA

. SE SUFPICIENTLY COMPLEX TO WARRAMYT EVALUATION (STRUCTURE,
FLECTROHIC, MYDRAWLIC, PNEUNATIC).

REQUIRE DIAGHNOSI) OF MALFUNCTION AND REPAIR BEYOND SIMPLE
STRUCTURAL PAILURE OR THE CBYIOUS MAL FUMCTIONS.

REQUIRE AGE FOR MANMTEN ANCE.

HAVE A RELATIVELY NIGH RATE OF FAILURE AND/OR FREQUENT
ADJUSTMENTS, ANO/OR SERYICIMG FOR OXYGEN, NYDRAULIC SLUID,
AMMUNITION OR PUEL.

REQUIRE BOTH FIRLD AND ORGANIZATIONAL MAMTEMANCR.

BE COMPATIBLE WITH SECUNITY REGULATIONS SO THAT RESUL T3
CAM SE PUBLISHED OPEMLY.

rr M -

>

Two major subsyatems that wvere being developed that met moat of the cri-
teria in Table I vere: the AN/APQ 120 radar, »od the Martin Baker Mark H/
ejection seat. The AN/AY 120 radar 1s a classified subsystem, but it wes
anticipated that the classified porticas of the radar could be avoided 1in
reporting the study results.

a. AN/APQ 120 Radar.

This subsystem represented ore of the most modern fire coatrol systems
in the Air Ferce inventory. It wes scheduled to be in Category II test at
Edvards st lesst until April 1969. The complexity of the equipment and
assoclated tasks, the importance of the subsys:em to aission sccomplishment,
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snd extensive AGE support provided a sound base for a ccaprehensive evaluation
of the nev PSTE techniques and equipment. It was anticipated that enough
information could be acquired on this subsystem through the use of the technique

to form a basis for a thorough evaluation of huaman engineering, training, and
skill level requirements.

b. Martin Baker Mork H7 Rocket Ejection Seat.

This subsystem is replacing the Mark 5 seat which works by gun action
alone. The new seat is propelled by gun and rocket power to provide for zero
ground, zero altitude ejection capability. The new seal was not scheduled to
receive a formal Cat I, II, or IIl evaluation. However, it was being retro-
fitted into the Category I, II, and III aircraft. The earlier human engineer-
ing evaluation of this seat had {dentified some maintenance tasks that required
evaluation. The maintenance of the seat involved servicing of pyrotechnic de-
vices aad a great deal of mechanical mechanisas. Therefore, the selection of

this subsystem complemented the electronic characteristics of the AN/APQ 120
Radar.

A listing of the airborne AVE and ground equipment AGE for the two sub-
systems is given Iin Tables II through IV. In addition to the equipment list,
basic information regarding their design, deveiopment, and maintenance pro-

cedures wvas available. Table V is a partial listing of these system develop-
ment products.

IDENTIFICATION OF POINTS AND CONDITIONS FOR PSTE

The study of the two selected subsystems culainated in the identification
of rajor points and conditions where PSTE should occur. The determination of
these points was guided, first of all, by the requiremen: that PSTE should
provide for the PS elements. Sccondly, PSTE should provide for an asse.sment
of basic human performance; learning, wmotor skills, perception, group behavior,
precision of movement, and task performance.

During the design and development, both the AN/APQ 120 radar and the
Martin Baker Mark H7 ejection seat subsystems received evaluation from the
#cDonnell Douglas F-4 PS Group. This review of design and monitoring of
development resulted in inputs to AVE, ACE, technical publications, and
training. Later in development the PS personnel were involved {n Category 1,
11, and III testing of these subsystems. Frow the data base acquired by this

experience, certain points vere identified that required further i{nvestigation
and evaluatioa.

Some of the =most important considerations for identifying PSTE points
are: use by the operator {'n regard to maintenance this category pertains to
AGE); fallure diagnosis (b~ _it in test, maintenance inspection); trouble
shouting st the organizational level; removal of malfunctioning iine replace-

able unit (LRU); fleld level repair; installation; and quality control and
functional checks.

12




TASLE 1) AN/APQ 120 FIRE CONTROL SYSTEi AIRBORNE EQUIPMENT

Part No,
53-870050-21 Antenna
-~25 Cd Transmitter
~45 Stabilization Assembly
-47 Cable Asscmbly
-49 Pump Tube Power Supply
-43 Support Structure
-33 Servo Assembly
-35 Microwave Assembly
-37 RT Electronics
-39 Stalo, Pulse
-41 CW Electrounic
-23 Computer
=27 Power Supply
~29 Pulge Transmitter
=31 Synchronizer
53-870050-3 Radar Set Control
-5 Radar Test Set Control
-7 Antenna Control
-9 Indicator Coantrol Unit
-11 Pilot Indicator
-13 PSO Indicator
-15 Mount, Pilot Indicator
-17 Dehydracor
13




TABLE Nl AN/APQ 120 AGE (ORCGANIZATIONAL ~FIELD)

Pars Mo,

$IZIH0008-1#
-7
-13
-17
-19
AN/APH-84D
18-2059/ A-18
CH-808/A
WD-416A70
486991-110
W2-60/U
AN/PSH-6
AM/USH-105A
803B/AY
538340018-1
$38340013-1
53E340014-1
532340015-1
$3K150185-1

53E34009-1¢
-3
-5
-1
-17
-19
=21

QRGANIZATIONAL ACE

Missile Control System Test Set
Accessories Kit

MCSTS Truck

Dehydrator Compressor
Countrol Monitor

Radar Modulation Test Set
RF Power Test Set

Voltage Regulator
Rydraulic Pumping Unit
Missile Interface Test Set
Electronic Multimeter
Multimeter

Oscilloscope

Differential Voltmetsr
Extendar Bar Slide Rail
Radar Test Sat

Computer Test Set
Supplementsl Kit

LCOSS Test Set AN/ASM-238

FIELD ACE

Missile Control System Test Bench Set#®
Conso’s f1
Consoia #2
Console #3
Consola #4
Console #5
Console #6

* Comprises A Composite Test Pacility, Unique and Common ACE
%% Some of the organizational ACE {s used with bench.
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Part No,

53-820000-1
53-820000-)

32E110077-1
32E110012-1
32x110013-1

J2E110014-1
32E110026~1
MDE 32365

MBEU 1925 RU
MBEU 1730

TASLE IV MARTIN BAKER MARK M7 SEAY AND AGE

/X

Reacrietion

Rocket Seat Assembly (Piloc'e Seat)
Rocket Seat Assembly (PSO's Seat)

A
Peacription Haintenance Lavel
O=Organizatiocnal
P=Field
Insertion Device - Strap Fittings or
Insert - Safety, Firing Mechanisa or
Adapter Assembly - Ejection Seat 4
Cradle
Alignment Kit - Rocket Wozzle or
Guard - Rocket, Seat Buckast r
Canopy and Seat Ejection Mechanisa or
Tester Assembly
Torque Wrenach or
Crow's-Foot Wrench | 4

15




TABLE V PSTE INTERFACES WITH SYSTEIA DEVELOPMENT PRODUCTS

System Concept, Design, and Development

Systes Analysis

Detailed Specification

Vendor Proposals

Contractual Data Requirements

Specification Control Drawings
(SCD'e)

Prelininary Urawings

Final Drawings and Draving Release

Engineering Change Proposals (ECP's)

dock-up Reviews

Asrospace Ground Equipment Recommen-
dation Data (AGERD's)

Simulation Data

Delivery Schedules

Prototype Equipment

Production Equipment

Technical Coordination Meetings

System Support

Maintenance Concept

Maintenance Evaluation and Report
Documents (MEAR's)

AGE Conferences

Reliability Data

Fac{lity Requirements

Integrated Logistic Support
Management Plans (ILSMP)

System Toy¢

Acceptance Test Procedures

Acceptance Testing

First Article Demonstration

Contract Technical Compliance
Inspection (CYCI)

Flight Test Reports

Category I, II, and III Testing

Personnel Subsystem Test &
Evaluation (PSTE)

Special Tests

Standards, Specificatfons, and Design
Criteris

Military Standards
Military Specifications
Air Force Manuals

MDC Engineering Procedures
Human Engineering Criteria

Manning

QQPRI Conferences
QQPRI Documents
QQPRI Field Verification

Technical Orders (T.0.'s)

T.0. Validation Demonstrationas
T.0. Verification Demonstrations
Preliminary Technical Orders

Traioning
Training Program Conferences
QQPRI Conferences
QQPRI Documents
Training Plans
Training Texts

Training Equipment

Trainer Drawings
Training Equipment Cor.ferences
Trainer Acceptance Conference

Unsatisfactory Reports
Accident Reports
Haintenance Reports
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Timing of PSTE has been found to be an important factor in its iwplemen-
tation. The earlier a PSTE team {s informed of iwpending mainterance, the
better could be the planning for its assessment. Maintenance has been sched-
uled on the basis of aircrew debriefings, post flight and preflight inspectionm,
functional checks, or periodic inspections. Except for periodic maintenance
and inspections, maintenance is performed only when mselfunctions occur or
wvhen special testing changes are made.

The reporting of malfunctions and suspected malfunctions is processed
through work load control and the appropriate personnel and shops are assigned
to rectify the problea.

Since only one person vas performing the field evaluation oart of this
study, only one task could be treated at a time. The method of selecting the
task for this study depended on the following priorities:

a. PSTE evaluation took priority over other testing for using this
technique.

b. The task should be associsted with one of the two study subsystems.

c. The work involving potentially critical tasks was evaluated in pre-
ference to those that have little likelihood of being crucial.

d. An effort vas made to develop systematic evaluation as the test pro—
gressed so that the ultimate result would be a thorough asnalyeis.

These criteria did not preclude the use of this technique for other test
sections. When time permitted, attempts were made to participate in the
investigation of other test applications including; briefings and debriefings,
instructions, commmication, documentation, and subsystems in earlier phases
of development.

In order to utilize the experience and knowledge of the test team, the
investigator coordinated his efforts with the other sections prior to apply-
ing the techaique.

The organization of the F-4E test team is shown in Pigure 2. The detailed
organization of the maintenance section is ghown {a Figure J.

The maintenance data collection forms and reliability data provided io-
forumation regarding frequency of faflures and zross times for tesks. These
data could provide extrapolation of task impact on large operational units,
squadrons, and wings.

The location and time of occurrence of maintenance varied widely. Prin-
cipal locations vere flight line, hangar, shop, hot line, and gun butt range.
The time that maintenance occurred could be anytime in any 24 hour period,
depending on the criticality of the maintenance. Nighttime, flight line,
hot line, snd gun buti range presented the most difficult eavironments for

17




Ssmsning wmey 180y || LeBae) gy-g T Wby

BAISMOJIERY o= o wm

QANONSY
.‘.‘ J 1
¥VOLIVEINOD 24Y Jvi dLddY vL 2id4Y SWILSAS
1134 BONYMHILNIYN SMDILYE24O BEIMIOME LO310UJ
| | 1 k) |

SHOILY U0
W4 AANEBQ DVL

ps cve e

WINI40
ADBroud D144V

pa covww o

‘d 90O
sV IIN0A
VA RMNOGOW

¥aw) A8G OVL

0llLd

iid

18




J100u OVL

UB440 ‘LmvW OV}

SNOILYNE4O
804 ALN4BQ DVL

URANYWWOD “L34 DVL

vl

S BANE SusUaw Y || Aboe) By-4 T sy

‘ANOD CIYND Ard

AINYNI LYW By g

AOIMYMD LMY
40 4 314D

T2NALYW
40 BLVNOLONNK

g

)

diddy

19




PSTE. However, the envirommental effects upon the achievement of tasks has
been a significant PSTE consideration.

The transportation of the video tape recordirg equipwent from one hangar
or shop to another could involve Air Force trucks or tractors. In the past
there had not beea any difficulty in obtaining transportation.

The results vere to he in the form of magnetic tape recordings. The audio
and video records on these tapes vere to be played back through the video tape
recordar and a TV monitor.

The evaluction of the data could have been either an ind!vidual or group
effort. The decision as to wvhat test sections were to be represcated was
dependent on the nsture of the task and {ts problems. It was anticipated that
the prelizinary evaluation of the recording would lead to a recommended
sudi{ence. The kind and amouat of information that each section, or the entire
test team could extract from the technique is one of the questions to be
ansvered by this study. Prom the PSTE standpoint the following problems de-
served special attention:

Human Brror, and Design Leading to Human Errog

Problems of this type should be fully documented. It is possible that by
backiracking from the error and replaying the tape i would be possible
to identify the condition(s) that created the error. These might have
been in the design of the equipment, the procedure, tools, or an out-
growth of training or written or spoken orders.

Excessive Time

The expenditure of excessive time to accowplish what should be a simple
task is often a product of desigr and procedure problems. This cype of
problem should be evaluated in terms of expected frequency of the task.
Quality engineering offars a medium for obtaining effective changes.

Improper Diagnosis of Malfunction

Previously, this area tas not been effectively evaluated. The identifi-
cation as tc what caused the incorrect identification of a malfuanctioning
ftem often requires detailed investigation. tThe causative factor(s) may
be training, procedure, skill, and design. Early solution to this type
of problem leads to greater systeam efficiency.

Ineffective Team Work

Analyses of task loading and time sharing, commurnication, and work space
could result {n an evaluztion of group behavior.

T.0. De "iciencies

The problems assocf{ated with some tasks ares the resulie of inadequate
training of personnel or an unfortunate result of transier of training.
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The Air Training Command representatives should be active in resolution
of problems of this nature.

Adequacy of Tools

Issued tools are sometimes insdequate. Their design and matericl msy
result {n injury to personnel, damage to equipment, and improparly ad-
justed equipment. As the men becowme wore acquainted with the equipment,
they improvise special tools that frequently improve the maintenance.
The documentation and dissemination of more effective tools should be

expedited.

Other factors that could contribute to task ineffectivensss are fear,
conflicting orders, individual insdequacy, oud physical and mental condition.
Invironmental factors such as poor light, dust, heat, cold and rain could
create problems not present under ~ore favorable conditicus.

PREPARATION FOR PERFORMING PSTX

In order to effectively use and evaluste any new technique or device for
PSTE {t 1s necessary for the person responsible for using the technique to oe
familiar with tha type of task belng performed. This does not necassarily
mesan that he must have precise kuoyladge of the task being evaluated. Yor
example, nesrly all the loadings of smmitions follow a pattern in sequencing,
tools, AGE, and involve the saze number of people in the load crew. If cue
knew these generalities he could adequately rscord s procedure iavolving a
nev missile, bomb or pod Langing. Maintenanc . performed on electromics,
hydraclics, airframe and other subsystems has general patterns chat are
characteristic to each subsystem,

a. Personnel.

It 1s desirable to have human factors personnel do the work, especially
those who know the basic problem areas in wveapon system maintenance. The
knovledge of these personnel permits them to ‘inpoini areas where the critical
tasks are likely to occur and predict when a close-up view will identify a
proolem. They also know what gquestions to ask the maintenance personnel, aand
how to isolate problems. Unfortunately, human factors persoune! with main-
tenance experience are reiatively rare.

It has been our experience that other personnel can be trained 'om site’
to become effective PSTE team memberr,. These pecple are usually given an
orientatfon {nvelving the PS effcri ‘m the weapon system, equipment descrip-
tion, and basic PSTE responsibilities and techaicues. Ia the early pkases of
testing they are utilized to run dowr detatls and to observe specific tasks
vith specific fanstructions as to wvhat to look for. Later, they observe and
evaluate the maintenance activiiies with limited direction. The reports made
by these perscrnel are teviewed by human factors persomnel prior to submittal
to the test force for inclusforn in the Category test repo:t.
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b. Technical Order Review.

Oae of the most helpful steps {e 3 review of the task to be evaluated
from its description in the Technical Order. It may or may not be nccessary
to require help in the interpretation of the procedures. If help is required,
there are several test sections that are normally svailable: wmaintenance
personnel that are respounsible for the tauk; engineerirg personnel (Afir Porce,
contractor, or vendor); and training and p:oduct mupport personnel. Tha uge
of the Technical Orders ss a guide to recordin; alsc aids ip the deiermination
of adherence to or departure from procedures, identification of T.0. error,
and the improvement of these procedures.

¢. Criticel Tas% Dats.

Thooughout the development of a wveapon system, the PS group has the re-
sponsibility of {dentifying critical tasks. Early evsaluation of these tasks
mey ‘ndicate little or no problem. However, with a change of envirommeat,
personnel, frequency of use, or unexpected changes in manning, subsystem rc-
sponsibilicy, or design, alstakes in perforwming crizfcal tasks can have serious
consequences. With the knowledge of these suspect areas, one can select the
techriques with which to test for criticality.

d. PSTE Problesm Reports.

The test force personnel are briefed as to what type of problems are to
be reported to the PSTE team &nd investigated by the PSTE team. FPrequently,
the original report frca the maintenance personnel is sketchy and misleading.
The responsibility of the PSTE team is not only to document the source of the
problem, but to recommerd possible solutiona to {t.

e, Observation.

Frequently, 1t is advantageous to observe the task being performed before
attempting recording. The specific area requiring data can be determined and
the effort can be sude more efficient.

£. Liatson With Tea: Sections.

It is pot unusual to hear references to possible improvements by engineers,
Quality control, and maintainability persomnel. Some of their thoughts re-
garding improvemcr: may be veiled or eabryonic. VIR does offer a good bastis
for cowparing verious appreachas to problem solvtion or procedure improvement.
During the course of this study two PSTE {nvestigaticns vere made upoa (nforma-
tion contained {n 3 casual remarks by test personnel.

Sco: samples of the application of the video tape tecinique to the sub-
systems may serve to illustrate the possible products that might have been
derived from the VIR techaique.

{1} A meastre of time to remove the radar. HRov much time is being con-
sumed {n resding T7.0.'s, disconmecting vire bundles, removing wave




(2)

3)

4)

(3)

(6)

)

guides, etc. The tape could have pinpointed a faulty procsdure or
tool slowing down a task segment.

A graphic presentation of the requirements for precision of =rwemmnt,
visual or msnusl access, weight handling requirements, and other
factors.

An {ndication o' the adequacy of tha T.0. in enabling the man to
locate the proper hardwsre and perform the task.

A record of human error, and possibly an idea as to vhat led to the
error.

The sdequacy of the tools through use of the zoom lens. Did the
tool engage the fasteuer properly? Did the tool rum into structursl
interference upon insertion or rotation? Did the tool burr or de-
fuce the fastensrs or equipment? Was the proper tool availsble or

....... Y 3

was 8 msheshiit tool being vewd]

Anslysis of work space envelope by msking the recording through a
one-foot string grid.

Definition of restrairts imposed on s msintenance tesm in respect
to commmication, visual access, envirocumen® (noise, 1llumination).
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GENERAL

SECTION 1I1I

EQUIPHMENT

The VIR equipment that was modified for this study had been uged in he
McDonnell Douglas Human Performance Laboratory prior to the beginning of this
contract. This equipsent had been used primarily i{n laboratory work ianvolving
ejection seat development, space reconnsissance, and humsan engineering ~vaina-
tion of F-4 aircraft subsystems. Some of the primary advantages of using the
VIR technique are:

b.

C.

d.

Full hour of uninterrupted recording.

Quick playback of recording making it possible to assess results or
prerecord substandard data.

Mo processing is required.
Relatively easy to operate and to assess.

Reclaimable tape that can be used many times.

In addition, the video tape recording technique does not suffer from the
following disadvantages of a movie camera system:

b.

C.

Limited to 3-4 minutes of film before reloading.
Provides limited feedback as to focus, exposure, and framing.

ls difficult to achieve a good sound track, and requires film
processing.

However, there are certain disadvantages cf VIR that should be mentioned.
Some of these disadvantages wvere reduced or negated in the development of the
equipment for this study.

The small helical scan video tape recorders have a limited resolution
of 400 lines. Therefore, they are inferfor to moving pictures {in re-
solving fine detail. Wide angle and distant scenes give the impres-
sion of being slightly out of focus.

Rendering of shading is limited to seven densitie.. In additicn, the
vidicon tube adjusts itself to overall light intconsity. When a bright
object s in a dark area the vidicon will sense the overall light
falling upon {t and will desensitize causing the darker areas to go
nearly black, creating lack of detail i{n the shadow areas.
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¢. The weight of the equipment available in the MDC Human Performance
Laboratory is more than 250 pounds. It could not be picked up and
rapidly moved about. A number of different brands of portable VIR

equipment are commercially available, however.

d. The power and signal cables were numerous and created awkward working
conditions.

e. Overhead camera positioning is limited because the vidicon tube face
18 subject to damage from filament debris falling on the vidicon
face.

f. The camera had no built-in monitor to provide the operator video
feedback for camera control.

The video tape recording equipment available at the start of the study
is listed below:

Video Tape Recorder, Ampex Model VR 7000
Camera, General Precision Laboratory, 760
Zoom Lens, Canon 25-100mm, f 1.8, Model TV-16
Zoom Lens, Angenieux, 15-150mm, F 2.8

Pizar Lens, Kern-Paillard 25mm, £ 1.5
Monitor, Miratel Model LV8M, 5" x 7" Screen
Tripod, Sampson, Model 7301

Tripod Dolly, Sampson, Model 7601

Lights and Accessories

Conrac 25" Monitor, Model CVA 23

In addition to the above equipment, the Bell and Howell Company loaned a
Model 2920 Portable Tape Recorder for the field verification of the technique.

The technical specifications of this equipment are listed in Appendix III
and the approximate costs for the items are listed in Appendix IV.

Development of this off-the-shelf equipment into a system capable of
performing under field conditions involved the following:

a. Integration of the elements in an easily used system through modifi-
cation of additions,
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b. Modiffcations to improve the transportability of the equipment and to
provide for rapid assembly and disassembly.

c. Provisfons for the security of the equipment and for its protection
against damige.

E7'IPMENT ELEMENTS
a. Orier~tation.

The video tape r:cording system is composed of two primary units, the
camers station and the video tape recorder cart station. (See Figure 4).
In the interest of clarity, the equipment will be described separately for
<ach station snd the sequence Of descripiion will be based primarily upon the
path of the video and audio signals from the lens of the camera and microphones
to the TV image on the monitor and the sound from the speaker or headset.

Items wiil be described in terms of their off-the-shelf characteristics
and the need for modification. Secondly, modificationa to the items will be
described vith the rationale for changes or additions. Drawings and construc-
tion details will be found in Appendix II. The field assessment of the equip-
ment and the modifications will be presented i{n Sectiomn V.

b. Lenses.

A vide vavriety of fixed focal length lenses were available for this study.
Howvever, preliminary work with the system indicated that zoom type lenses had
some basic advantages. A zoom lens allows the operator to vary the focal
length. This feature allows the operator to frame the object and to select
the image size without having to change the cemera position. Frequently, the
long focal length position (telephoto) allows the operator to see on the moni-
tor screen detail that he cannot see with the naked eye. By using s short
focal length position (wide angle) to start the scene, the evaluator can be
orientated as to the location of a particular unit with respect to the aircraft
or primary piece of equipment. During the task recording an occasional return
to wide angle aids in reorientating the evaluator. The focus of zoom lenses
is accomplished by zoominz in on the area to be recorded and adjusting tthe
focus ring until the image is sharp on the monitor screen. On subsequent zoom-
ing out (reducing focal length) the lens will maintain focus through the range
of focal lern~ths.

Fixed focal length lenses can be used on the video cameras. The cameras
can be equipped with a turret containing several fixed focal length lenses.
However, the selection and adjustment of the lenses under a continuing scene
results in f{nterruptions and momentary poor picture quality wvhile focusing and
framing. The cost of the zoom lenses is given in Appendix IV.
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Figure 4. Video Tepe Recerding Syctam boing Transported on Flight Line

27




The followiug lenses were selected and used during the field phase of
this study,

(1) Angenieux Zoom Lens.

This lens has a 15 to 150 mm focal length range, and a
speed of £/2.8. It is equipped with a l6em C-mount thread and
can be used on most TV and l6um wmovie cameras. The adjustments
for focus, zoom (focal length), and iris are all made manually.
The focus end iris adjustments are made by rotation of the
appropriate rings. The zoom adjustment is made by using a
crank that engages a gear on the zoom ring. This lens will
focus as close as 5' from the object. The cone of acceptance
varies from 45°32' at 15mm to 4°48' at 150mm. Figure S depicts
the range of coverage st 10' from the ramera position.

No modifications were made to this lens for the field work.
(2) Canoa Zoom Lens.

The Canon Zoom Lens has a 25 to 100mm focal length range
and a speed of £/1.8, It also has a C-mount. All adjustments
are made by means of rings. This lens will focus as close as
8' from the object. The cone of acceptance ranges from approxi-
mately 28°30' at 25mm o 7°07' at 100wm.

The Canon Lens, although much faster (bette- under poor
light conditions), is much more limited in varying the field
of view,

No modifications were made to this lens.

¢. Video Camera.
The video camera used in this study was a General Precision Laboratory,
Precision 700 Television Camera. The technical specifications are listed in

Appendix III.

Ceneral information that {s pertinent to this study (s as followa:

Weight 12 1bs.

Size 6.56" high, 4.5" wide, 13.5" long
Controls Off-On, beam, target, and focus
Mounting Botton tapped 1/4" x 20 thread

Pover Requirements 100-130 volts AC, 50-60 Hx single phase,
40 wvatts (max)
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Scanning Standards 525 lines/frame, random interlace
30 frames/second, 60 fields/second

wven. '’ ant Standard 16mm "C" mouat

This cadera 1= 2ntirely solid state except for the vidicon tube and {ndi-~
cator lsmp. No ext<-.al or remote controls are necessary for adjustment or
operation.

During the p.c'iminary phase of this study 1t was determined that this
camera vas adequzt: Its advantages included light weight, good resolution,
and completely -='¢ _ontained.

There vas & pr Slem in not having a feedbuck on the proper adjustment of
the beam and target controls. ldeally, the video signal should be 1 volt going
into the video tape recorder. Any more or less will detract from the amouat
of information being recorded. The beam and target controls determine the
signal strength .ut there vas no way of knowing precisely wvhere to position
them. We were infc..-=d that a relatively simple electronic circuit and meter
would provide a res”.ng for the video signal value. The schematic aund parts
list are showm in A- condix II. Basically, a sampling of the video signal is
rectified to direct c.rrent and the circuit is adjusted so as to give a read-
ing of 1 volt when tl.: signal is one volt.

This small metor and {ts electronics wvere installed on the back of the
camers belov the controls (See FPigure 6). The methad of setting the controls
is described fin Apperiix I,

The second pirublem associated with the camera was the method of mounting
1t to the tripol. “he single 1/4" x 20 bolt provisions does not assure a
tight mount, sand with the 12 1b. camera and 3 1b. lens there was a chance of
breaking the bolt.

A "V" bed camera m™unt was designed to be attached to the tripod head,
and an inverted "V" plat- was built to be installed permanently on the bottom
of the camera with screws (See Figure 7). The camera and camera plate are
aligned with the tripod came~2 mount and pushed until there is a complete
engagement. A locking dog on "he casera mount is rotated to tighten the
mount against the camera plate. This modification permits fast and positive
camera installation. No further modifications vere made to the cameras.

d. Cabling and Connectors.

Early attempts to wire up the system made {t obvious that the number of
cables, and their storage and placement requirements would necessitate a aajor
change. The camera station alone iiad eight separate signal or power cables
running to and from it. In addition, the length of the cables varied widely,
resulting in shortages and excess. Figure 3-4 in Appendix ! indicates two
cabling diagrams required for recording in the field.
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Sketches and wockups were made ¢o establish a configuration that would
peruit the camera station to be moved up to sixty feet in any direction from
the video tape recorder cart. Although there are six signal cables between
the two, five are enclosed in a single vinyl sleeve and attached at a common
pofnt (distribution box) on the tripod (see Figure 8).

The camera station is supplied wi-h pover by means of a #l4 extension
cord sixty feet long. The system pover distribution box with a one foot cable
and locking plug sttaches to the distal end of the power cable. This box is
provided with a cleat that engages one of the mounting blocks cn the tripod
(see Figure 9). With these wiring modifications and combinations the number
of separale cables was reduced to two making stowage and maneuvering much
easfer.

Originally all of the coaxial connectors were of the threaded screv type
that required numcrous turns to engage the cables with their connectors.
Several times malfunctions were traced to looce connectors. All of the cables
were changed to BNC type connectors that require a bavonet-lock coupling that
provided a quick and positive locking. The camera, monitor, and other equip-
ment that had the screw-on type connectors were provided with adapters to
receive the BHC cable connectors.

e. Tripod and Dolly.

The veight of the camera and the need for keeping the camera on the task
necessitated the use of a trijod. In addition, the tripced itself required
robility, and this wvas provided by means of a dolly. The tripod wvas a Sampson,
Model 71C1 which had a vertical range of 32" to 72" and weighed 10 pounds.

The tripod was equipped with a Sampsoa, Model 7201 pan/tiit head which allowed
360° rotation and adjustments 45° up, 90° downm.

The camera mount {s attached to -he pan/tilt herd by means cf two Ph!llips-
head screws. Two pins aid in maintaining the alignment and rigidity of hs
mounting. Modifications to the hesad {nvolved the drilling and tapping of holes
for the mount screws and the drilling of holes for the mount alignment pins.

The 1/4" x 20 mount screw vas not removed and is available for the conventional
mounting of photographic camera or te.ev:ision cameras.

Additions to the tripod include “wo mounting blocks for the video/audlo
junction box and Uhe system power junction box and a remote canticl unit. The
mounting blocks are hinged blocks that are clamped on the tripond legs by means
2f Allen head cap screws (see Figure 9).

f. Video/Audlo Jur:ti{onm 3 x.

The Video/Audio junction box was designed to provide for severzl functions.
It provides a common point of attachmeut for the video, audio, and remote con-
trel lines futerconnmesting with the video fape recorider and (t also provides
the redistriburion of signal lines tc the camera, monitor, remote control untt,
microphones, and headset. The lunction box also allows the operator to select




Figure 8. Five Signal Cables in Vinyl Sleeve Comnect 1o Yideo/Audieo Junction Box

Figure 9. System Power Distnbution Bee Vidoo 'Avdie Junction Bex, end Oue of sre
Mewnting Blecks to which they are erteched
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audio input from one of the three microphones (only one can be recorded at a
time), and gives the operator the capability of selecting live video (direct
from camera to monitor), or VIR video/audio (image after going through VIR
electronics). The video/audio junction box is mounted on the tripod by means
vf a wedge. See Figure 10 through 12.

g. System Pcwer Junction Bow.

The camera and monitor toth require 115V 60 H_ power. A wedge, similar
to that on the back of the video/audio junction box, was affixed to the back
of a four cutlet junction box (Figure 9). A two foot lengih leugth of #14
ceble was wired to the four outlets. The dis*al end of this cord was provided
with a three prong, locking, male connector. This connector mates with the
power cable from the video tape recorder cart.

h. Remote Control Unit.

In order to provide for remote operation of the VIR a small switch box
was designed to fit on the pan/tilt head handle (Figure 13). The original
remote control unit had three push button switches but no signal lights. 1In
tha early testing of the VIR equipment several scenes were uissed because the
operator was unaware that the record "R" switch had not been activated. A
later version incorporated indicator lights, red for 'record' and white for
'play’. The red switch guard and red light for ‘'record’' remind the cperator
that he might erase previously recorded data.

The VTk can be operated with or without the remote control unit.

i. Monitor

The monitor is a Miratel, Model LV8M, and produces an image approximately
5" high x 7" wide. It 1is one of the older types using tubec instead of solid
state devices. Consequently, it is a relatively heavy unit weighing 33 1bs.

The monitor serves twu functions: (1) Gives the operator video feedback
for framing, focus, and exposure. The monitor is essential to the cauera/
operator ctetion. The controls on the monitor allow for electronic adjustment
of focus, contrast, brightness, and for horizontal and vertical adjustments.
Irn the modified VIR system the video signal can be displayed directly from
the camera, as with TV, or routed through the video tape recorder, to confirm
most of the recorder electronics. (2) Provides a display during playback of
the recording. Playback may be used immediately after recording to verify
that the content and quality arc what the operator wanted. Also, the playback
may be used to asscss a particular part of the task. Later, the playback may
be used for detailed analysis, usually in a more quiet environment.

Although the MDC Human Performance Laboratory had & 23" Conrac monitor,

{ts size and weight made it impractical for field operations. The 5" x 7
image of the Miratel was adequate for both racording and data assessment.

34
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Figwes 11 Remotre Canwel Unit
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Only one addition was made to the monitor. This was a sheet metal glare
shield to reduce ambient light falling on the phosphor surface of the picture
tube. This addition is essential for outdoor recording.

A monitor mounting bracket was added to the dolly. The bracket held the
monitor at an angle to provide for video feedback to the operator, and also
maintained the mobility of the camera station (Figures 14 and 15). The
bracket is mounted to the dolly by means of "U" bolts and is easily attached.

A jury strut provides for adjusting the monitor angle up to 90°.

j. Video Tape Recorders.

Two video tape recorders were uged in this study, an Ampex, Model 7000,
and a Bell and Howell, Model 2920 recorder. The detailed specifications for
them are in Appendix III. Each will be discussed separately.

The Ampex Model 7000 recorder was part of the MDC Human Performance
Laboratory equipment. The modifications to this system were designed around
this record=r. Some of the basic characteristics are listed below.

Resolution

Uninterrupted recording time
Tape capacity

Tape size & material

Tape speed

Rewind speed (3000' of tape)
Fast forward (3000' of tape)
Audio channel

Power requirements

Size
Weight

Operating position

350 lines

1 hour

3000 feet

1", 1 mil Mylar base
9.6 inches/second

4 minutes

14 minutes

one

105 ~ 125 volts, 60 H , 310 watts
z
maximum

29"% x 18"" x 15"¢
80 1bs. ‘

Horizontal only

This recorder also has an internal 6 watt amplifier for audio playback,

and a modulator output that will permit video playback over standard television

sets. Off-the-air programs may also be recorded by using the RF output of
the television receiver and running it {nto the "video-in" connector.
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The controls on this recorder provide for the following functions:
Audio level adjustment
Video level adjustment
Selection of audio 1input
Audio volume control
Tracking (playback only)
Record, play, and stop (can be remotely controlled)
Rewind, stop, forward (manual)
Ready, thread (manual)
Power (off, on)
Tension control

Displays in addition to the video picture on the monitor consist of audio
level meter, video level meter, and the counter.

This recorder 1is reiatively easy to operate. An hour or two of instruc-
tion is adequate for simple recording and playback operations. Complete hook-
up and operating instructions are presented in Appendix I.

This recorder provides for both recording and playback functions. Advan-
tages of the device are the capability of recording hour long scenes with
audio annotation, quick playback capability, and ease of operation.

Disadvantages experienced with this recorder consisted ¢ the following
items:

(1) The weight and size of this equipment, 80 lbs., 29"Y x 18"h X 15"d,
precluded hand carrying it from one location to another. The video
tape recorder cart was built to counteract this disadvantage.

{(2) The tasks involved with running the recorder required the operatcr
to constantly move between the camera and the recorder to position
the RECORD, PLAY, STOP, REWIND, and FORWARD controls. This problem
was partially solved by fabrication of a remote control box to pro-
vide remote record and stop, or play and stop functions.

(3) The counter displays a number which corresponds to the number of

revolutions that the take-up reel makes. The numbers are used to
locate scenes on the tape. However, this counter does not relate
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directly to time. A chart vhich relates counter readings to time
wvas made to counteract this deficiency (See Appendix I).

(4) The speed of the "fast forvard"” mode is too slow for search and
acquisition of data. Total time is fourteen minutes from start
to end.

{5) With only one audio channel one cannot preserve the original sound
track and add commentary or voice annotation. Other Ampex machines
have two voice channels.

The only modification made directly to the recorder was an Ampex modifi-
catioa that alloved it o stay in the "ready"” position of "stop" without wear-
r ing the oxide from the tape and clogging the video head.

The Bell and Howell Model 2920 recorder is capable of both black and white
} and color recording. The color capability was not used during this study.
This recorder was loaned to the author for use on this study. It provided a
comparison of recorders and permitted the reproducticn and editing of tapes.
Some of the basic characteristics are as iollow:

Resolution 400 lines
} Uninterrupted recording time 1 hour
Tape capacity 2150 feet
; Tape size & material 1", 1 mil mylar base
| Tape speed 6.91 inches/second
Rewind speed (2150' of rape) 9C seconds
Fast forward (2150' of tape) 90 seconds
Audio channels Two
Power requirements 110-130 volts, 60 Hz, 300 watts maximuu
Stze 23 5/8"Y, 13 172", 11 /8¢
~eight 65 pounds
Operatiag position Vertical or horizontal
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The controls on this recorder provide for the following functions:

Audio level adjustment (both channels)

Vide.. level adjustment

Selection of audio input (either channel or both)
Audio volume control

Tracking control

Rewind, forward, play, stop, record (can be remotely
controlled)

Power (off, on)
Tension control

Stop motion switch

Displays in additian to the video picture on the monitor consist of audio
level meter (either channel), video level meter, and a timer.

The offer to provide the Bell and Howell recorder for ugse during the
fierd phase of this study came relatively late - after the system had been
integrated with the Ampex recorder. However, most of the modifications and
system additions vould be comparable with either recorder. The coanne=tions
and hook-up were similar. The only major probler was in the provision for a
remote control box.

The Bell & Howell unit had several distinct advantages:

(i)

It was much smaller. [t occupied only 6CX of the area of the Ampex
and weighed 15 pounds less.

All of the tape movement and record/play functions were operable
with pushbuttons, and could have been remotely controlled.

The tape counter was in units of minutes and tenths of minute:,
allowing the operator to estimate quantity remaining or =xpended.

The ninety second end-t -end wind and rewind rate was a Jefintte
advantage {n editing and data retcleval.

The cost of tape was signtficantly lower.
The resolution was higher than the Ampex.

The two +dio channels allowed for audlo annotattion to the orfginal
and track.




Disadvantages -~nsisted of the following:

(1) The recorder had no audio amplifier or speaker and “he only way to
monitor the sound was with earphones. This problem was partially
solved by the procurement of a small audio amplifier and speaker
that plugged into the "audio-out" connector.

(2) This particular unit had the connectors on the bottom making it
difficult to hook up.

(3) A standard TV set cannot be used as a monitor because the recorder
does not have » modulated signal output.

No modifications other than the addition of the audio amplifier and
speaker vere made,

It 18 not within the scope of this report to explain the principles and
theory of a video tape recorder. Descriptions may be found in Reference 1, 2,
and 3, One important characteristic of video *aping must be kept in mind
however: synchronization is dependent on a control track, an invisible timing
pulse that determines picture stabflity, Variation in tape speed and in the
frequency of the power supply seriously affect recording and playback. The
syncronizat{on pulses are analogous to the sprocket holes in a movie film.

Although there are 525 lines on the television screen this should nct be
interpreted as the resoluticn of the cawera or video tape recorder. The repre-
sent the upper limit of vertical resolution however.

Horizontal resolution 1is the number of verrical lines that can be seen
in three quarters of the width of the picture, A 350 line res>lution is that
which will resolve 350 vertical lines over the width of the picture; the three
quarters limitation takes into account ‘the poorer resolution near the edges.
Therefore, the true resolutior of the system will not vary with the size of
the monitor., A small screen mav have an annarent highar resolution than a
large screen viewed from a short distance, but the amount of i{nformation on
both i{s the same.

The tape is similar to that used in magnetic audio recorders and 1is
supplied on 9 3/4 fnch reels holding 3uU0 feet. The sensi.ivity of this
tape to X-rave,K magznetiszm, dict, and heat requires reasonable care in use and
storage.

k. Video Tape Recorder Cart.

Some means of combining the entire system into a single composite vehicle
would be necessary to make the "TXR svystem fleldworthy. This vehicie would
also have to serve as a =means of transportation and storage. Also, the fea-
tures of such a vehicle should aid In the rapid assembly and hooking up »f the
system. An examination of test farilities revealed that the doorvays and

aisles would “e as narrov asg 31" aad that the 90° turms in the passageways




would restrict the length of such a vehicle. The system would also have to
have the capability of being used anywhere maintenance was being performed.
Therefore, it would require features that allowed towing by tractors or
trucks, and it would have to negotiate taxi-way and flight line obstructions
such as cables, grates, and ramps. Provisions for locking up the items that
Were expensive or subject to breakage were also deemed necessary.

The basis for the vehicle was a standard wheeled office supply cart (see
Figure 16). This cart was originally acquired to move the video tape recorder
about the Human Engineering Laboratory. The four-inch independently pivoted
wheels would hardly negotiate an obstacle as big as a pencil. The size of
the cart proved to be adequate and would pass through 31" doors. A series of
modifications made to the basic cabinet (See Figure 17) are briefly described
below. Details of construction are shown in Appendix II.

The basic structure of the cart was strengthed to provide for the addi-
tional weight and the reconfigured wheel arrangement.

A tricycle wheel arrangement appeared to be the best design. A steerable
front wheel would permit short radius turning without extending the length of
the cart to an unacceptable degree. Placement of the cabinet over the larger
pneumatic wheels was undesirable because this would raise the center of gravity
too high and thereby make the cart unstable. The wheels were mounted so as to
accept the cabinet between them. The 8~inch diameter wheels had 2.80/2.50-4
pneumatic tires mounted on them. These wheels had ball bearings which greatly
reduced the friction,

In order to mount these wheels on the cart it was necessary to reinforce
each end with 1/4" aluminum plate. This same reinforcement aided in the
mounting of other cart equipment.

The two rear wheels required no modification and were merely bolted to
the rear plate. These wheels were not pivoted. The front wheel had to be
modified to provide for steering. The major modification was the making of a
front fork so that the front wheel would clear the cart structure and provide
for 360° movement. The front wheel unit required an extension of its pivot
point so that a hinged tongue could be mounted to it to provide for steering
and towing (see Figure 18).

The tongue is provided with an "0" ring so that Air Force iractors or
trucks equipped with a pintle can be used to move the cart over long distances.

Most Air Force carts have an "0" ring on the tongue and a nintle on the
back so that carts can be formed in a2 train. However, it wag' thought that
providing a pintle on the VTR cdJrt might result in its being overstressed 1if
it were the 1link between a tractor and a heavy piece of AGE.

The yneumatic tires were a great improvemert over the hard 2 7/8 inch
diameter origiasal wheels. This configuration should meet most of the require-
ments for field operation.
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Figere 19, VTR Cost Rewr Showeng Coble Reols end Roar fhoels
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Originally there was no plan for voltage regulation., However, after
experiencing difficulty with the line voltage fluctuation - one time as low
as 90 volts - we decided to provide a voltage adjustment. A 20 ampere variable
transformer was mounted to the heavy front plate. A voltmeter was mounted
above the transformer control knob to provide for feedback on voltage. A re-
cessed male receptacle wos-mounted on the side of the cart to receive wall
pover, The circuit included a variable transformer and a power distrib: tion
panel. The cart had four female connectors cach supplying regulated voltage.

The assessment of potentigl test facilities indicated that availability
of ground power would be a serious problem. Flight line and hangar work would
require 2 minimum of 100 feet of power cord.

The camera station was designed to allow operation of the recorder with-
out requiring the operator to walk back to the recorder during taping. In
order to provide for camera mobility, the power lines between the camera sta-
tion and the video tape recording cart were made 50 feet long.

Ore of the restrictions on the length of signal and power lines was the
capacity of reels for cable stowage. Hand coiling of cabling was found to be
extremely impractical and such coils wested a great deal of stowage space.
Several vacks and reels were considered. “he configuration adopted for the
cart consisted of taking commercial wire reels end modifying thew in the
following manner: the hub was reinfurced to take the weight and stress of
reeling and unreeling. Holes were cut in the large hubs to provide stowage of
the large connectors. Each was equipped with a folding handle and a locking
device. The four reels were mounted on golid steel axles that protruded from
the back of the cart. The cables were held on the reels by split aluminum
retaining bauds of aluminum alloy (see Figure 19).

The cables that are stowed on these reels are:

(1) Two 108 feet #l4 guage J-wire power cables allowing for 216 feet
distance from power outlet or 108 feet for the VIR system and 108
feet for the lights.

(2) One 60 feet, 5-cable complex in a vinyl sleeve that provides for
video and avoid signals (input and cutput), and remote control that
allows the camera operator station to work 60 feet from the cart.

(3) One 60 feet #14 guage power cable that provides regulated power be~
tween the cart and the camera/operator station.

The internal arrangement of the original office supply cart was redesigned
to provide astowage and security for the gystem equipment. Thre areas providing
space for the more delicate equipment (camera, lenses, monitor, lights, and
microphones) was padded with plastic foam to absorb shock during transportation.
Thc camera cell was equipped with additional shock mounts to assure protection
for the delicate vidicon tube. The video tape stowage provisions followed
the recommended vertical position. TFigure 20 depicte all of the cart equip-
ment and cables in place.
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Figure 2. Centents of VTR Cort
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With the exception of the tripod, dolly, and TV monitor mourting bracket,
the entire VIR system is stowed on or in the VIR cart. Although z display of
all the equipment seems startling (Figure 21), it should be remembered that
the system 1s usually assembled as shown in Figure 22, It takes less than 5
minutes to connect all cables, including wall power, and to prepare for record-
ing. The four leng cables are normally stowed on the reels and the equipment
on the rizht panel 1s stowed in the drawer.

A complete inventory of parts, assembly and operating instructione and
diagrams is in Apperdix I. Cons:ruction details are in Appendix II.

1. Lights and Light Stands.

The need for adequate illumination was duemonstrated in the early record-
ing attempts. Although recordings can be made in relatively low light (6 ta
12 footcandles) the images produced on the monitor are flat with a decided
lack of contrast and overall clarity. Also, when the camera beam and target
controls are set to compensate for the low light levels, the brighter portions
of the image will persist. Then when the camera is zoomed or panned the
bright areas will smear or appear as multiple images. Under these high gain
conditions electrical interference becomes more prevalent. A number of
comzzrcial lamps were tried in conventional sockets and pivoting sockets.

Most of these lamps had integral reflectors. It was determined that the light
output and the uniformity and area of coverage would not be adequate for the
test site.

A variety of lighting fixtures, lamps, tripods, and accessories was
chosen from a professional lighting equipment manufacturer. This equipment
congisted of the following items:

2 Vari-Beam 1000 Fixtures with lamps, Model LQV-10

2 Multi-Broad, Variable Focus with lamps, Model LQBM-10F
2 Light Stands on Coasters, Model SSBLHA

4 Diffusion Holders

2 4 Leaf Barn Doors

2 Pole Kings & Accessoriea

2 Gaffer Grips

2 - Carrying Cases

Since most human factors personnel are not familiar with this type of
lighting equipment, the items will te described.

The Vari-Beam 1000's with quartz fodine lamps are high intensity lighting
units (1000 watts) that are capable of variable coverage from spot to flood
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lighting. The Multi-Broads also have the variable spot/flood capability and
use 1000 watt lamps. The external characteristics of these light units are
shown in ¥igures 23 through 26. The Vari-Beams are generally used on specific
arcas and "o highlight points of intereat. The Multi-Broads are use¢! to fill
in the shadows. The performance curves of the Vari-Beam and Multi-Broads are
shown in Figure 27. Both of these lighting units will accept barn donrs (vari-
able panels that are used to shield the light), diffusion and filter holders.
The tripods used with these lights extend to 114", See Figure 28.

The lighting fixtures can be mounted {n a vaviety of ways. The primary
means of mounting is the tri;od (see Figure 28). Pipe and pole mountings are
also frequently used. The Pole Kings are metal pipes that can be fit:ied
together to build up & pole that can be inserted between the ceiling and
floor. These poles afford a strong support for lights and are used in areas
where tripcds would not fit. See Figure 29. Two poles with a cross bar can
be used for overhead illumination.




Figure 24 VYeri-Basm 100, Reer View, Showing Spet 'Flr -4 Adjvstment end Pewe: Swirh
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Figure 25 Multi-Broad Light, Front Yiew, Showing Lamp and Pravisions for Diffusien
Screens ord/or Filters

Figure 2. Multi-Broed Light Reer Yiew, Showing Switch ¢4 “pot/Fioed Adjustme. t Knab
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SECTION IV

RESULTS

This section presents the results of using the video tape recording (VTR)
technique on the AN/APQ 120 radayr, the Martin Baker Mark H7 ejection seat,
and several other subsystems, systems, and equiptient in various steges of
development including: trial instaliations of the AGMESA missile on the
P-4E aircraft, RP~4C 'update' mock-up demonsiratlion, weapons loading proce-
dures, Rockeye MK20, Mod. 2 Technical Order validation, functional eye posi-
tion derivation, and the installation of the A/A 37U-15 tow target.

The video tape recording equipment was shipped to Edwards AFB, Category
II site. The use of the VIR systeam fnvolved the vecording of images, access
to classified areas, and the recording of classified material. All sacurity
provisions were made and proper identification acquired. The total fiald
testing time remaining after preparariou was sixty working days.

The Category il rest was in its second year of testing. Most of the
significaut problems with the P-4¥ aircraft have been reported ir the ¥—E
progress reports. It was felt that gimulation of problems already remed'ed,
just to make video tape recordings, would not be worthwhile, Several factors
severely restricted the evaluation of the subsystems. One was weather condi-
tions. California experieuced one nf the worst winters in history. Frequent
rains, heavy winds and cloud cover restricted the test flighto. This, in
tum, minimized maintenance activity. It was not that the aircraft could not
take off, but testing usually requires good conditions for assessing the re-
sulta of the test, and to assure that the various test parameters have been
met. Secondly, the radar subsystem had undergone a series of changes and was
performing much better than had been anticipated. The radar did not fail dur-
ing the field assessiuent phase of this study.

Maintenance on the Martin-Baker Ejection Seat was similarly reduced.
Removals to allow access to other subsystems was the only activity involving
the Martin-Baker Seat.

The effects of the reduction of maintenanc~ on the two selected subsystems
way partially offset by a series of demonstrations and tests on other equip—-
ment in earlier stages of development. The results of ugine the new PSTE
techniques on these ta2sts are included in thic gection. These tests provided
unique and significant information on the use or the VIR technique during de-
signs and development,

The PSTE team that originally manned the F-4 Category Il test was reduced
to five persons at about the time the field phase of this study starced, and
wag further reduced to only one person, the contractor PSTE representative,
shortly thereafter. The balance of the teum was transferred to other test
programs, primarily the C-5A and F-111A teste. The ATC personnel, formally
part of the F-4E test, returned periodically to work with the VIR technique.
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They also participated in some of the recording sessions. Their knowledge of
the subsystems, facilities, and maintenance schedule was an asset to this

study.

The results of using the VIR technique with the two selected study sub-
systems will be reported first. These will be followed by the results obtained
in other test areas.

AN/APQ 120 RADAR

Several radar shop operations were investigated for the purpose of evaluat-
ing rhe usefulness of the VIR technique. The first area of interest was an
overall evaluation of the usefulness and efficiency of operation of the VIR
in a shop enviromment. We also wanted to determine the capability of the VIR
technique in the identification of critical tasks while the radar bench equip-
ment was being tested, and the capability of the VIR to render complex control
and display indications in an typical maintenance situation. The radar shop
enviromment and operations permitted an evaluaticn of some alternative methods
of performing test voltage chr-ks. Finally the YTR was used to evaluate a
tagsk involving the removal and replacement of a heavy piece of equiprcent. This
evaluation included photographing still scenes from the VIR image displayed on
a monitor.

Prior to final selection of the tegt sire, we determined that 211 sites
vere equipped with the uecessary subsystem AVE and AGE. At Edwards AFB the
radar bench equipment was installed in the maintenance hangar approximately
3/4 wile from the F-4E Categovy II hangar. This hangar provides field level
support for the system tests at Edwards AFB. Most of the work done in this
area is classified a2nd special provisions were made for video taping.

The video tape recorder cart was towed to the maintenance hangar via the
taxi ways witb a standard Air Force tractor. The tractor was left at the

hangar door, and the cart was hand towed into the area occupied by the test
bench.

The radar bench consists of an airborne system and the test equipment
configured into a hollcw square with the radar package occupying an island in
the center. The video tape recorder cart was placed outside of the square
because it would interfere with the operators' access to the equipment. Only
the camera station was used within the square.

The F-4E radar bench was wanned by the Tactical Air Command (TAC) and the
Alr Force System Command (AFSC) maintenance personnel. This team was part of
the F-4E Category II test team and worked at the F-4E hangar as well as the
radar bench site performing both organizational and field level maintenrance.

Overhead fluorescent lights provided adequate illumination for the tasks

associated with the bench. However, for video taping a higher level of
illumination was required.
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As was pointed out there was no maintenance activity on ths radar system
due to a lack of failures. It was decided to work on those tasks assocjated
with preparing the bench for maintenance on the AVE. These tasks involved a
series of built-in-tests (BIT) that are used to confirm that the test bench
equipment was performing properly before working on defective or suspect AVE
units.

The author talked with the sergeant in charge of the test beach and in-
formed him that it would be desirable to record the tasks involved in perform-
ing the BIT on the equipment used to check out the front and rear cockpit
indicators and their associated control parels. The sergeant in charge gave
his permission to go ahead. An Airman Second Class volunteered to perform
the task, and was briefed on the technique and its requirements.

In order to provide for audio annotation the person performing the task
was asked to read aloud the Technical Order and then perform the task. A
m?~rophone with a lavalier attachment was hung around his neck to leave his
hands free to perform the tasks. The video portion of the recording covered
the accomplishment ~f the 3k, the manipulation of the controls and tke re-
sultant reading of the dispiays. The zoom lens provided for crientation
(wide angle) and Jdetail (tele;hoto) data,

The camera/operator station was located to the left of the equipment at a
distance cf 15 feet and the camera was elevated to a position that would best
cover the equipment complex. The noise generated by the hydraulic and cooling
systems of the bench tended to mask the techrician's voice and a headset was
uscd by the author to monitor sound level,

it was found that the task could be closely followed with the camera. One
of the factors that influenced the promptness of getting the camera on the
contrel and display was degree of familiarity with the equipment. When the
T.0. specifies positioning of a control, the camera should be positioned quick-
ly to pick up this control before the task is accomplished. A similar proce-
dure should be used with displays. Knowledge of which unit is going to respond
to the control allows one to quickly pick it up with the camera.

Since the indicator BIT check is frequently performed, it was decided to
use the video tape recording as a basis for a more detailed analyeis. In
order to categorize the task elements, a miniature event recorder was used to
time the various functions. The eight channels on thz event recorder were used
to record the following:

a, Channel #1 T.0. Reading

b. Channel #2 Panel Control

c. Channel #3 Antenna Control

d. Channel #4 Meter Reading

e. Channel #5 Radar Indicator Display Reading
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£. Channel #6 Aid from 3Supervision
g. Channel #7 Special Imterest Mark
h. Channel #8 Not Used

The results of this analysis are presented in AFHRL-TR-69-16 "Miniature Event
Recording as a Technique for Personnel Subsystem Test and Evaluation." Per-
formsnce of this analysis in real time would not be possible because of the

speed of the action. Also, decisions must be made as to the most meaningful

categorization of furctionms.

On two occasions, the alrman interupted the sequence to ask the super-
vising sergeant why he was not getting the display that he thought he should
be getting. Oa ancther occasion the correct image on the radar was not dis-
played. Upon checking with the sergeant, it was determined that he (the
technician) had falled to start the hydraulic power supply. This 1is one of
the first steps. This error led to the examination of the technical order to
establisn whether it was a T.0. omission or whether the technician overlooked
a step. The result was that the sirman had forgotten to turn on the hydraulic
power and was relying on memory rather than using the techniczl order during
the initial preparations.

Thus, the capability of the video tape technique :o »reserve the task
and to permit recovery of the information, quickly aids iz establishing when
and how errors occur. Depending on the error source, :teps can De taken to
prevent future occurences.

One of the unexpected benefits of video taping this particular task was
the discovery of the abiliry of trhe technique co render high quality radar
images of the radar indicator. Most of the task recordings showed the opera-
tor selecting the control position and the resultant imaze on the radar scope.
However, by decreasing the brightness control on the monitox, the radar image
could be enhanced. The recoraings contain much more information than one
obtains with fixed monitor "contrast" and "brightn:ss" settings. Frequently
images that contain very dark shadows can be improved by reducing the contrast,
thereby rendering details in the sha.dows. Mhost of the work done with this
technique was performed under conditions far remnved €rom those experienced
in a television stud{o. Yet, the results contain detailed information useful
in PSTF, and by frequent p.ayback an eaormuus asount of data can be derived.
This 1s not to suggest that all recorded tasks be 'beat to death' by incessant
replaying. Rather, a gnod detalled recording can provide the basis for a wide
range of evaluations when required.

The aircrews have complained that the BIT takes too long and is too compli-
cated. At the time of this writing, the video taped racordings of the BIT
checkott are being used tc estetlich times und task difficulty. It is too
early to determine what influence this analysis will have on thae vadar SIT
design and aircrew procedures.

58




Although not reported as a problem, the desirability of having a digital
voltmeter as part of the radar bench came up in one of tie casual discussions
with the radar contractor representative and the maintenance men. It was re-
ported that the differential voltmeter provided with the bench, while being
accurete and rugged, consumed a great deal of the technicians' time in
obtaining readings.

Tne test of the computer test set which required many of these voltage
readings was video taped. This test involved setting the controls on the test
set in various modes and then taking a reading on the voltmeter. This test
is performed on the bench equipment prior to checking out the AVE radar com-
puter. The checkout of the computer is assoclated with missile launchirgs, and
due to the high cost of missiles it is necessary to assure a properly working
computer.

The technical order defiunes the positioning of the various test set con-
trols, and specifies the proper voltage with the acceptable range. These
voltages may be AC or DC, and may be negative or positive if DC.

The technician must select the proper meter sensitivity, AC or DC mode,
and polarity for DC voltages before inserting the signal into the meter. The
compu*er test set has an amber light that warns the operator to check his test
set and meter setting to avoid error and damage to test equipment.

The differential voltmeter can also be used as a vacuum tube voltmeter
VIVM. The technician sets the NULL switch to "VIVM" position and sets the
five vertical dials, A thru E, to "ZERO" positions. The RANGE switch is posi-
tioned to 500 and the AC-DC polarity switch to the position that ceincides
with the type of voltage to re measured. The voltage is then inserted into
the voltmeter by pressing the METER switch button on the computer test set.
An approximate voltage can then be read off of the upper scale of the null
meter. If the voltage is low, the technician can then turn the range switch
to a lower valve; the meter then has a full scale deflection of 50-0-50, 5-0-5,
or .5-0-.5 depending upon the range scale setting. Once the approximate voltage
is known the following procedure is used: .

After either deriving the approximate voltage as defined above, or by
using the expected voltage as called out in the T.0. procedures, the technician
dialg in the value on the five vertical dials A thru E, and positions the RANGE
switch to give the _owest range that will give an on-scale meter reading. A
decimal light will position for each range setting (between vertical dials).
This light indicates to the technician the proper place to dial in the numbers.
Ir Figure 30 the decimal light is on between the 2 and the 3, therefore Dial
A (not in picture) is 0, and the setting of all five is A-0, B-1, C-2, deci-
mal D-3, and E~4 to indicate 12.34 volts.

If the actual voltage does not match the expected voltage, the meter will
go to the right, indicating higher than actual, or to the left indicating
lower than actual. By determining the exrent and direction of the deviation,
the \-E dials are changed until the meter nulls on the range retting, and then
the NULL switch 1s changed to a more sensitive setting and the procedure ig
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Figure J. Scene from Differential Voltmeter Nutling Tusk Taken From VTR Monitor
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repeated until the lower, C-E dials null the mevevr. The actual volrige is tnat
reading on the A~E dials that nulls on the most sensitive NULL switch positiorn.
It may not be necessary to achieve nulling on the D & E dials if the tolerance
on the voltage is large enough to require only (. or three digits.

A digital voltmeter requires only a fraczion of the manipulations defined
above. Only gross gensitivity se” ction and the selaction of AC or DC are re-
quired on mogt meters of this type. The ac:uszl veltage is displayed on (nixie)
tubies and can be read directly.

Video tape recordings were made of T.{. vcitage determinations using both
the differential volt meter and digital volimeter. A digital voltmeter that
could measure AC voltages was unavailable for these trials so only the DC
voltages in the test set checkout were performed,

A miniature event recorder was used to obtain a record of the various tasgk
functions as recorded by the VIR technique. The selected functions were:

a. Reading of the T.0. step.

b. Performing the computer test set control adjustmencs.
c. Performing the voltmeter control functions.

d. Inserting the voltage.

e. Nulling the meter (differential only).

f. Reading the display.

Results showed the average voltage determination required 4 seconds on
the digital volrmeter and 28 seconds using the differential voltmeter, Al-
though the superiority of tha digital vol.meter for making direct voltage
readings was demonstrated, additional factors must also be considered before
making a decision to convert to digital voltmeters for the radar test bench.
These factors are accuracy, versatility, frequency of use, cost, and compat-
ability with the test equipment. There are digital voltmeters that meet the
technical criteria. However, the justification for the added expense presents
another problem. A conversion to more expensive equipment might prove to be
economical if the manpower savings were significant. A test at the Category
I1 test site with one radar and one test bench cannot determine frequency for
use, But, if an event recorder were connected to those differential meters
being used by the operational units to record their frequency of use over a
period to time, the time that could be saved by changing to the digital type
could be determined. Of course,  he time savings should be projected to rhe
total number of units using this cquipment, and to the expected system life-
time.

While the video tape recorder was being used in the radar shop, techni-

cians pointed out that the removal of the radar antenna was complicated by
the design of the bench and by the lack of a special piece of AGE. The radar
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aantenna is removed so that a malfunctioniung or suspect antenna can be checked
out with the balance of the subsystem. The radar antenna weights 42 1lbs. An
extender, bar slide -sil, is used on the aircraft Co extend the radar package
forward so that its .c. .uwuits are accessible. The radar bench was not pro-
vided with this bar and the technicians must agsume awkward positicns to
perform this task on the bench. The bench structure beneath the antenna pre-
vents the pergonnel from getting under the antenna. The removal requires two
men - one on each side of the bench. They have to support the weight with
their arms extended. To complicate the removal, there are several delicate
cowponents below the antenna that could be easily snagged or dented during the
removal process.

An analysis of this tesk as recorded on VIR indicates potential injury
to the personnel and damage to the radar antenna due to a lack of positive
control of the weight. At present, operational units can order the extender,
slide rail, Part No. 53E340018-1 to correct this problem.

A series of still photographs was made from the monitor screen to docu-
ment the technicians' body positions during the task. The radar antenna is a
classified item and these pictures cannot be presented in this document. How-
ever, it should be pointed out that siill pictures taken from the monitor
screen at critical points of a task provide data for anthropometry, work space
layout, and other measurements involving man and the equipment.

MARTIN BAKER MARK H7 EJECTION SEAT

The results of using the VTR technique on the Martin Baker Mark H7 Ejec-
tion Seat maintenance include evaluation of the VIR equipment when used in a
congested shop area. These resulits also include critjcal tasks, including
hazardous tasks involving pyrotechnic devicea. Analysis of the VIR recordings
demonstrated their suitability for detailed task analysis and development of
procedures for training, maintenance, rand quality assurance. These analyses
also provided identification of maintenance tasks that consume excessive time
because of inadequate design.

Martin Baker Mark H7 Rocket Ejection Seat maintenance invclves a multitude
of critical tasks. Due to the nature of the seat, which 1s an emergency egress
system, the performance of nearly every maintenance task has the potential of
degrading the sea®t system's performance. The seat contains pyrotechnics in
the form of a rocke. wmotor, a catapult gun, drogue gun, a guillotine gun, and
a gas powered inertial reel,

During the field verification phase of this study, seats were being ra-
moved and replaced in the aircraft only to allow access to other cockpit
equipment. The video tape recording of tasks associated with other seat
msintenance requirements were made before and after the field phase. A large
nunber of these tasks were recorded. They include:

2. Preparation of rocket motor for instaliation on seat,

b. Mounting of rocket motor on seat.
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X.

Insertion of firing mechaniem.

Quality check of firing mechaniem.

3afety lock on firing mechanisa.

Lock wiring of rocket motor tubes and firing mechanism.
Routing of leg restraint cords.

Installation of leg guard plates.

Assembly and digassembly of catapult gun,

Cleaning and lubrication of catapult gun.

Insertion of primary catapult cartridge.

Kounting of drogue gun.

Interconnection of drogue gun with time release mechanism.
Test of time rclease mechanism activating drogue gun firing mechanisa.
Pressure chamber check of time releasc mechaniem,
Adjustasnt of time release linkages.

Inztallation of drogue ckute pack assembly.

Installation and arr 'ng of guillotine firing mechanism.

Quality assurance on face curtain handle, secondary ejection handle
and lap belt break out forces.

Instaliation and removal of seat bucket.
Mounting of gas initiater for inertial reel.
Routing and attachment of ballistic gas line.
Quality check or inertial reel.

Lockwiring of most of the above.

The preparation of the rocket motor for mouating on the seat bucket in-
volves some work that could be circumvented, The rocket motor ia received
from the supplier with all of the rocket tube caps lock wvired. However, when
this motor {s mounted onto the seat bucket, the leg restraint cords must be
routed betveen the tubes. This cannot be accomplished with the lockvires in

place.

Therefore, they are cut and removed. The rcstraint cords are then
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slipped between the tubes, and the tube covers are lockwired again. The (otal
additional work required for the cutting, removing, and lcckwiting {8 6 minutes.
This task must be repeated each time the motor is removed from the seat bucket.
One solution of this problem is to redesign the fitting on the proxima) end

of the leg restraint cord so it can be attached after the cords have been
threaded through the rocket tubes.

The tash of mounting the gas generator into its clamp indicated that the
clamp had to be modified by many bending and forming actions to achieve a pro-
per fit,

These two equipment design problems highlighted by means of the VIR
technique have been forwarded to the appropriate engineers for resolution.

Although there were no unforseen problems identified through the video
tape recordings, the technique clearly identifies the critical tasks involved
with field maintenance. (see Figures 31 and 32). The recordings contained
enough detailed information that they couls have proviced for writing of
technical ordars or training. Some of the elements that could improve pro-
cedures and :raining were:

a. Identification of tools and test equipment.
b. Orientation of the component relacive to the seat.

c. Description of the methed of meunting and the sequence of mounting
the component.

d. Description ~ d demonstrati -~ of quality checks with expected and
actual test criteria.

. Identification of those in the tasks tat are svbject to precise
movement .

f. Tder-vification of hazardous tasks and cautions to he observed.
TRIAL INSTALLATIONS OF A DEVELOPMENT STACGE MISSILE

The use of the VTR technique for missile and missfle AGE operatioas in-
cluded introduction of the VIR to a contractor's test ser.+s and the compari-
scn of the VIR technique to movie camera recordings during tests. These
evajuations with a missile system alsc provided identification of critfical taisks
and equipment problems. Additional informaticn is provided regarding attitules
of test personnel after an adequate VIR demonstration.

(me of the most {mportant evaluations ©f the VIR technique was demonstrated

in {ts use on the trial installations of the ACMESA, Maverich missile on the
F-4F aflrcrafe.
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Figurs 31. VTR Detail of Lockwiring Rocket Tube Cap*

Figure 32. YTR Detoail of the Insertion of Firing Pin Mechanism®*

* These pictures were token directly off of monitor during VTR ploybeock.
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The McDon+ell Douglas Fascility at Edwards AFB is the Category I test site
for the P-4E aircraft. It also serves as the test site for other McDonnell
Douglas aircraft and for new subsystems in the research and development stage.
The management of this facility had been briefed on the purpose of the PSTE
study and upon the capabilities of the techniquea. They were asked by the
author to alert bim to any tests that involved equipment in early design stuges.

The author was notified that the Hughes Aircraft Company was to make some
trial installations of the AGM65A missile and its launcher.

After being introduced to the Hughes personnel, the author was breifed on
the conditions applicable to the test. The exterior view of the missile was
classified. No video recordings were to be made unless the movie cameras were
algo running. This requirement was to preclude video tape recording sequences
that showed problems., The movies were being made primarily for promotional

purposes.

It was pointed out that this trial installation was a first attempt, and
that some problems might occur. These problems would be solved in the produc-
tion article, ard to record them would be misleading the viewer of the record-
ing. The author agreed to abide by these rules for he had no authority or
respongibility on this probject.

After nearly twenty minutes and several minor problems, e.g., the 1ift
truck forks would not engage the launcher adapter holes. The author was asked
by a Hughes AGE engineer if these tcquences had been recorded on tape. The
answer, of course, was '"mo". The engineer was informed of the restrictions
that had been specified by Hughes. Thereupon this engineer, test management,
and the author had an informal conference. It was agreed to let the author
record any parts of the tests with the provision that the tape would be rerun
at the conclusion of the test and any scenes that Hughes Aircraft personnel
didn't want recorded would be erased. In addition Hughes was to be provided
with a duplicate copy of the tape for their use. From this point on, the VIR
was used almost constantly. The recording was only interrupted whzn no work
was being accomplished, e.g.; lunch time, and group discussions.

Shortly thereafter, the advantages of the VIR technique began to become
apparent, The AGM65A launcher with dummy missiles was to be mounted on
the P-4E. The mounting operation consisted of a MJ-4 bomb 1lift truck with
forks engaging a launcher adapter which held the launcher with its preloaded
missiles. The MJ-4 positioned the load under the aircraft's pylon and lifted
the launcher with missiles to a point where the lugs on the Yauncher could be
engaged with the pylon hooks.

After the pylon hooks engaged the launcher lugs, the launcher adapter
was disengaged from the launcher and the MJ-4 withdrew it from beneath the
wing. The disengagement of the launcher adapter indicated that the technique
and procedure for removing the pins that held the launcher to the adapter and
the folding down of the adapter's arm was a critical operation. The MJ-4
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had to relieve the downward force of the load to permit pins to be withdrawn.
This required careful manipulation of the MJ-4's roll, 1lift, tilt and other
controls. In addition, the folding of the arms could not be accomplished
unless there was adequate clearsnce beneath the launcher. These problems, the
author was informed, would not be present in the production equipment. It was
obvious that the sequencing and technique as recorded on VIR wouid provide
important data to engineering, technical writers, and training personnel. The
sway braces on the launcher were then tightened to stabilize the load.

When the installation had been completed, the missile complex was removed
from the pylon. The MJ-4 positioned the launcher adapter beneath the pylon
and elevated it to a point where the arms were unlocked from their prone
position and rotated and locked into a vertical position. Again, the point
at which the arms are rotated is a critical position and should be defined in
T.0. procedures.

The alignment of the adapter to the launcher in order to pin them together
was the most time consuming point in the trials. This can be accounted for in
several ways. Under first time test conditions like these there are too msny
individuals giving direction. The lack of established procedures contributed
to the confusion. However, it must be said that the alignment of four holes
on the launcher and four holes on the adapter presented a difficult task be-
caugse of the cloae tolerences, poor visual access to the MJ-4 operator, and
the lack of self alignment features. Hare again, the engineers stated that
this sort of problem would be solved in the production articles and the re-
cording of this sequence would be misleading. It was pointed out by the
author that a copy of the recording would be provided to Hughes Aircraft for
their use, and that these data would not be used to document design discrepan-
cies. Only a limited amount of this task was filmed.

After the launcher was secured to the adapter, the hooks on the pylon
were disengaged. The MJ-4 forks had been raised slightly so that the weight of
the launcher and missiles was supported by the launcher lugs. When released
the launcher and missiles descended downward for a short distrnce because of
the slack in the fork 1lift holes on the launcher., However, it was thought that
there may have been a lateral movement, This seyuence was not documented on
movie film but had been recorded on VIR, The video tape was rewound and the
scene was played back. There was a decided lateral movement. This movement
cracked cne of the miesile's fins against the pylon. The lateral movement
could be accounted for by the unknown lateral (inboard) forces built up during
the attempts to align the holes for pinning. Since there was no feedback that
this force existed, nc precautions were taken to avoid ies effects. It is not
known at this time under what conditions this would occur in an operational
squadron but it is fully documented and could lead to design and procedure
changes that would preclude its' happening. The capabilitv of the VIR record-

ing *o capture critical events such as this and then to racreate them in a
matter of a few minutes is one of VIR's unique and significant attributes.

Several other minor events were recorded on the tape in addition to those
dezcribed above. The entire recording was replayed for Hughes personnel to
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determine if any sequences should be erased. No erasures were requested. In-
stead they expreased overall enthusiasm fur the recording and technique.

The next day the Ampex tape recordeT was used to play the original video
tape into the Bell and Howell recorder to make a duplicate audio and video
tape. The copled tape was forwarded to Hughes Aircraft. A description of
procedures for making dupliicate video tapes is in Appendix I.

About a month later the AGM65A personnel returned to the McDonnell Douglas
facility to aake trial Installations of the missile on a launcher already
mounted on an F-4E aircraft. This task involved engaging the missile rails
with the launches rails and sliding the missile into place. Several unique
pieces of AGE were required for these tests. Similar tests had been conducted
on the F-111A, bur the author did not attend this demonstratior.

While awaiting the arrival of the missile and AGE from the F-111A hangar,
the McDonnell Douglas security guard informed the Hughes.Aircraft persomnel
that the base photographers were at the guard shack, and wanted to know if
Hughes had requested them. Hughes' personnel answered that they could use
the still photographers but would not need movies because the VIR was there.
They also remarked that the VIR was better than movies for what they were
going to do. It was obvious that the VIR technique had proved itself om the
first demonstration.

This entire serieg of trials were recorded on video tape with no interrup-
tions while work was being performed. Several task elementc consumed a large
amount of time. One of the critical tasks was the aligmment of the missile
rails with the launcher rail sc that a smooth and complete mounting could be
made. Due to the close tolerence between the two rails, very precise align-
ment had to ve established before an gft movement of the missile could be
mide. The requirements for alignment and the corrective action for improving
this procedure could be derived in part from the VIR recordings.

Accessability of the clectrical connector in the pylon is poor. The
pylon, door containing the connector hits the misaile fin and therefore cannot
be fully opened. In order to accomplish the connection between the launcher
and the pylon one must go to the rear of the right hand missile, reach forward
and into the "V" ghaped cpening made by the partially opened door, they make
a turn with the wrist until the hand i3 inside the connector cavity. The task
of connecting the launcher cable to the pylon connector is effected with no
visual access. The manual access is difficult becauze it requires a long
reach. Personnel with short reach huve difficulty engaging the connector.

Twoe hours of recordings were made Jduring these trials. Duplicates were
made from thke original and forwarded to the Manager of AGE for the Maverick
missile. At the time of this writing no information is available on the use

of this tape record.
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RF~4C ATRCRAFT UPDATE MOUKUP EVALUATION

This use of the VIR was to develop data for system design during the
proposal gtage. Just prior to the field phase of the PSTE study, the author
was given the opportunity to video tape the RF-4C update mockup including the
procedures involved in removing and replacing the new subsystems and new air-
cralt structure., The video tape recording system as modified for field work
was not yet available and the mockup recordings were made under marginal con-
ditions of mobility and illumination.

Two days were spent observing and recording the practice runs »f the mock-
up crew. Care was taken to cause minimum interference. After the formal mock-
up demonstration, the autb,r was informed that he could utilize the mock-up
crew to perform the tasks as required. The person responsible for the personnel
3ubsyster sensor maintenance was on vacation. Therefore, it was decided to
concentrate on those tasks that could be considered critical, for the load
crew and equipment would not be available when the PS man returned.

One of the problems of mock-up video taping stemmed from the fact that all
of the sensor boxes were painted black and all of the maintenance personnel
wore white coats. The vilicon tube integrates the total light falling upon i-s
face, and when exposure is adjusted for the white area, the gshadow or darker
area is rendered black. If exposure is set for the dark area the white blooms
up, losing all the detail. The system may even go negative because of being
overdriven, This light environment was a very difficult one in which to work.
However, adequate recordings were made.

Most developmenta)l mockups are not fabricated in detail, and one must
recognize that plywood, sheet metal, and conceptual hardware do not possess
the fit of machined equipment. Mock-up boxes are infrequently weighted to
simulate the end item. Tasks involving mock-up equipment must be judged in
terms of production equipment.

The mock-up crew wag most cooperative and explained some of the design
concepts to the author. On several occasions some of the equipment not being
worked on was removed to give the video cumera a better view of the proceed-
ings.

The video tape recordings were reviewed by project engineers, project PS
personnel, and by the F/RF-4C office PS monitor. The general consensus was
that the recordings represented the mock-up well. However, some engineers
thought that the recordings were too negative. That is, they dwelled on de-
sign problems.

It must be admitted that the recordings did concentrate on those areas
that might create problems, such as alignment, weight handling, visual and
manual access. The engineers stated that o later version would not possess
these problems once the project was underway.
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The mock-up did reflect significant design improvement over the current
RF-4C. An hour or two could have been spent documenting the improvements,
This indicates that the data derived by the VIR technique is highly dependent
on the discipline and respomsibilities of the person doing the recording.
Purely promotional documentation is better left to the movie camera with its
highk resolution and color capability. Wringing out a design can be handled
better with video tape recording because of its ease znd economy of operation,
rapid playback, good quality audio, and its ability to record lengthy scenes.

WEAPONS LOADING TASKS

A field trial of the VIR was conducted at Nellis AFB to test the equipment
under Category III test conditions, and to expose tne technique to the opera-
tional personnel. The author was informed that some weapons loading tests were
going to be made at Nellis AFB during the later part of February 1969. Upon
concurrence with the technical monitor, preparstions were made to move the
equipment from Edwards AFB to Nellis AFB, a distance of 260 miles.

Originailv the squipuent was shipped from St. Louis to Edwards AFB via
commercial freight in packing boxes. It was decided to attempt to move the
equipment to Nellis by means of a rental trailer. The conventional van type
wvas not used because of the potential difficulty of loading and unloading the
cart. Instead, an open stake type was selected that had a heavy tailgate that
could be used as a loading ramp. It was possible for one man to load the VIR
cart into the trailer. The cart was secured within the trailer with rope.
Because of impending raiua, the carts doors and meter housing were taped to
prevent water getting into the stcrage areas and the voltmeter. The VIR and
lights were stowed in the car trunk. The trip was uneventful except for heavy
rein and wind.

At Nellis the TAC maintenance officers were very interested in the VIR
technique and offered valuable suggestions as to where best to apply it. They
also discussed scae areas where the VIR might be continually used im their
work. One of the most promising applications would be in the establishment of
weapons loading standards.

The formulation of loading standards requires the optimization of the load
crew with a special emphasis on safety. The VIR would permi* a group of ex-
perts to assess trials and formulate effective procedures.

A demonstration of the VIR system was conducted for the standardization
team. They were impressed by the rapid playback, quality of image and voice,
and the maneuverability of the camera/operator station., The standardization
personnel suggested that the load crew certification exercises planned for the
next day would provide useful data and a test of the technique. The certifica-
ticn personnel were contacted, and agreed to the test.

Normally, icad crew cercification is conducted outside on the "hot line",

but due to a storm front, it was moved into a hangar. The munitions used for
these exercises are inert. However, they are weighted to simulate the weapon,

70




The fuses, fins, arming wires and other parts that have to be used are identi-
cal to the actual hardware.

The certification requires the load crew, the load crew chief, and the
certification team; for a specific weapon, the load crew chief informs his
crew of the place, time, and loading. In addition, he describeas the precauvtions
that have to be taken. For example, clearance around aircraft of 500 feet,
requirements for fire fighting equipment and other scfety steps. Then the load
crew begins a step by step preparation of the aircraft by removing all pyro-
technics. In order to assure that each element is accomplished, the crew
responds to each order by calling out the station he is checking; right, left,
center. The cockpits are checked for the positioning of switches and circuit
breakers and a stray voltage check is made. Only after these steps are taken
does the crew start preparing for the weapon itself.

No attempt was made to slow down the loading task to get a VIR. However,
it was soon apparent that the load crew and load crew chief were widely dis-
persed, and that detailed recordings of what one individual was doing would
result in no record of what the balence of the team was doing. No attempt
was made to record the tasks being performed in the cockpit,

As most of the preparation for the weapon was performed beneath the fuse-
lage and wings, another shortcoming of the equipment was evident. The tripod
and camera could just clear the overhead, and the camera's access to the
cavities wes very limited. In the future, this can be overcome by acquiring
a fixture that mounts on the tripod but positions the camera as low as floor
level. Even with these restrictions, meaningful data was acquired. Detailed
scenes of sway brace adjustment, lug engagement, and crew interactions were
taken.

The load crew is graded on its performance and is informed of any dis-
crepancies. One indication of how complex a task it is to assess their per-
formance is that on two occasions the crew was told that they had omitted a
step. The individual crew members insisted that they had performed the step.
Replay of the tape confirmed that they had in fact performed the step. On the
other hand, the recording confirmed that the crew had violated some safety
precautions by having their hands between the bomb and the fuselage while it
was being elevated by the bomb lift truck.

It 1o not suggested that recordings be made of all load crews hanging all
weepons. However, VTR can provide quick and comprehensive training. On tasks
such as veapons loading it {s obvious that several cameras must be used or that
the loading be duplicated from several camera poeitiouns to acquire adequate
data.

A total of five wveapons loadings sud unloadings .ere recorded. These
tasks typify the situaiion where the use of a microphone cord is unsatisfactory.

Detailed VIR data would provide operational personnel and design engineers

with {nformstion regarding turn around time, mixed load problems, and areas
requiring improvement such as stray voltage checks and fusing.
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Figure 33. Rigging of Fuse Wire*

Figure 34 Leed Craw Iinstelling Bomb on F_4E Pylen®

* These pictures wers tohen dirvctly af of moniter during VTR pleyback.
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One factor that should be discusgsed is the pousibility that people might
fear and resent the intrusion of the VIP. technique. At the Nellis AFB trials
the author met load crew for the first time. The justification for the test
was explained to them. Simply stated, this was: the tachnique itself was
being tested. All through this study there was a wide variety of personnel
being recorded and not one objected on the grounds of an invasion of privacy.
This, of course, does not mean there will be universal approval. On two
occasions bystanders stated that they would not want to be recorded performing
tneir work. It is suspected that the persons who w111 object most violently
are those who know they are inadequate or believe that they are. Precautions
should be taken to avoid making this technique a "big Lrother" type operation,
or forcing it upon those who object.

ROCKEYE MK 20, MOD 2 TECHNICAL ORDER VALIDATION AND FIN HAZARD

A T.0. validation was scheduled at the McDonnell Douglas Facility for
T.0. 1F-4C-33~-1-2 check list. Two MDC technical writers visited the test site
to validate their procedures against the actual loading of the weapon. A video
tape recording was made of the check list which included the following:

a. Aircraft Preparation

b. Munition Preparation

¢. Preinstallation Ianspection

d. Loadirg

e. MER, TER, Installation

f. Post Loading Inspection

g. Cartridge Inspection

h. Immediately Prior to Launch Inspection

i. Delaved Flight and Alert Safing

j. Safing

k. Unloading

There were no significant results from the video tape laru. At times
personne! performing the loading had their hands in positions where serious
fnjury could cccur, e.g. between the bomb and MER structure wicn the lift
truck was elevating the wveapon. Due to unusuval circumstances, the persons
perforrming the task were not those who normailv perform weapcas lvading. The
difference between the recordings for this installation and thcse of the Nellis

AFB load crev {mpresses one with the {mportance of training in regard to safety
and effective ordnance loading.




The flight test engineers were interested in the potential hazard and the
characteristics of the Rockeye bomb fins. These fins are spring loaded and
are retained with a steel band until launched. A test was planned in which
the pin holding the retainfng band would be released allowing the fins to
spring out. Both slow motion moving pictures and video tape recordings were
made of thig test. The playback of the fin movement showed that not only were
the fins a hazard because of the speed and force with which they deployed, but
the retaining band would whip 2round creating a hazard to the eyes. Since the
strap would move beyond the fin envelope the safety zone would have to be
enlarged to allow for this characteristic. In addition, the fir and strap
deployment had significance in so far as separation from the afrcraft was con-
cerned. The slow motion movies when developed were much more detailed than
the VIR image. Yet, the VIR was capable of documenting the basic hazarde.

ANTHROPOMETRY

The VIR technique was used ss an aid to define a complicated human factors
technique for relating the functional eye positions of the pilots to the struc-
ture of the F-4E cockpits.

During the field test of this equipment, a McDonnell Douglas anthropologist
visited the Category II test site. The purpose of his visit was to develop
some data on the functional eye positions of the pilots. The technique he was
going to use involved the aircraft, the pilots assuming a flying position, and
a transit. The transit vas used to relate the eye position of the pilot to
known structure of the aircraft. The trigonometry of this technique will not
be covered in this report. However, the steps taken tc achieve these measure-
ments were recorded on video tape. This information was later reviewed by the
contractor PSTE representative in ovder to accurately report the eye position
data and the technique by which it was derived. One of the means of explaining
this technique congisted of the anthropologist sketching the procedure step by
step with chalk on the floor of the hangar while explaining it verbally. Thia
chalk/blackboard technique would be very valuable in circumstances where a
complex description or explanation must be given step by step development.

USE OF PORTABLE AUDIO RECORDER TO OBTAIN VOICE FOR VIDEO TAPE

One of the problems experienced with video taping in hangars and shops
vas getting a good audio track. Two factors contribute to poor audic. Omne
is the high ambient noise level and the second is the problem of keeping the
nicrophone vire where it will not interfere with the tripod dolly, get entangled
in equipment, or cause someone to trip. Yet, the audio track provides valusblz
annotation and sn effort was made to devise a better method. One of the methods
that proved to be useful vas recording the sound on a Sony Model 100 portable
tape recorder. This unit is powered by batteries and is small enough and light
enough to L2 carried on the shoulder. The sound recorded on this recorder ia
dubbed on the video tape st a later time. A description of this technique may
be found in Appendix I, With reasonsble care the dubbing will be good enough
to achieve lip synchronization with the video portiocn.
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INSTALLATION OF THE A/A 37U-15 TOW TARGET

The F-4E Category II test vas evaluating the installation, launching, and
aircraft towing of a tow target. The VIR technique was used to evaluate the
installation of the POD that supports the target and contains the cable reesl
that deploys the target vhen it is airborne. Examination of the video tape
dats indicated that this task would have to be recorded from several angles
and would require low camera positions. Additional recordings were not
accomplished because the task was not repeated when the VIR equipment was
available.
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SECTION V

ASSESSMENT AND RECOMMENDATIONS

The asscssment sand recommendatioun of the VIR technique will be presented
in two patts. The first part is assesmment dby the disciplines involved in the
testing, deuign, and support of weapon .vstems and subsystems. The second
part i{s the assessvert and recommendations regarding the equipsment used in
this study along with suggested improvements.

ASSESSMENT BY TEST DISCIPLINES

In order to determine the potential of the VIR technique, it was planned
to expose its use and data to as many test sections s posaible. Disciplines
such as design, training, technical writing, and maintainability were also
given demonstrations of its use, A wide variety of test, design, and support-
ing funciions saw the VIR equipment {n uge and had a chence to review the
tapes. However, most of these sessions wvere brief end imparted limited in-
formation. Further exposure and experience with the data should reveal addi-
tional applications of recorded task data.

Generally, the advantages of the video tape recordings over curreatly
used methods such as direct observation, maintenance reporting forms, question-
aires, and checklists was so obvious that the VIR technique was accepted at
first sight.

Meny persons were totally unfamiliar with the equipment, and some did not
know that relatively small video tape recorders were available. The quality
of the audio and video data, the fast playback capability, and ease of opera-
tion were the most impressive features., With very few exceptions, the VIR
techinique was regarded as a new and valuable tool that should be used in
testing. Most of the questions asked were those related to cost, applications,
and the technigues involved in making coples. The only serious objection to
its use was by some design engineers, who did not relish the wide distribution
of recordings that showed task difficulties associated with their equipment.

Because the exposure to the varicus groups variec, and each group had
somevhat different responsibilities, an asscesment questionaire was not used.
The following generalizations are based on comments made during the study:

a. Alr Force

(1) PSTE Management at fdwards AFM (Bloastronautics Division)
It was the opinicn of the officers in charge of implementing
PSTE on tests at Edwards AFB that the VIR techuique had major deficiencies in

s0 far as their effort was concerned. The following susmarize their views:

(a) VIR equipment {s too expensive and the justification for
its procuremen! woull’ be extremely difficult.
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(b) PSTE officers in charge of PSTE programs would not have the
time to use or direct the use of the techaiquse, or to
analyze the data.

(c) PSTE team members would require too much traiaing ia order
to use the equipment.

(d) PSTE is a reactive process responding only to problems
identified by the test force.

They felt that VIR had some advantage over current techniques but these would
be outweighted by the deficiencies listed above. The use of VIR by the coo-

tractor during system development was suggested as an excellent place for VIR
epplication.

(2) PSTE Management at Norton AFB

The Minuteman PSTE team captain had attended a Human Engineering
Conference at vhich the plans for this study vere described. He had requested
a briefing on its progress, and this wvas accomplished late in the field zuase.
Several recordings were played and a demonstration of the equipment asnd its
wodifications was given. In his opinfon the VIR technique would provide his
team with valuable information. He was especially interested in obtaining a

repcrt of the results of this study and in methods of acquiring the VIR equip-
ment.

(3) P-4 Adircraft PS Monitor

The Personnel Subsystem Monitor for the F-4 Alrcraft Office
(formerly the F~4 System Program Cffice) reviewed many of the VIR recordings.
He has encouraged the application of the technique on F-4 PS elements, and has
asked that {t be demonstrated to the other PS monitors, especially with refer-
ence to its use in ordnance handling. His review of the recordings made of
the RF-4C update mock-up tasks provided him with de”ailed information regard-
ing maintenance of the proposed equipment. The F-4 Office does not have a

play-back VIR so full advantage of these and other F-4 recordings could oot be
accomplished during the study.

(4) Program Mznagement

Due to the lack of significant find'ngs on the two selected
subsystems, there vas no exposure of the results of the VIR technique te the
F-4 office mansgement. The AGM65A Systea Progrsm Office (SPO) management was
not provided with the missile installation video tapes because the recordings

did not represent a stage of developwent that Hughes Aflrcraft deemzd suitable
for formal evaluation.

(5) Maintenance and Ordnance Handling

The comments made by maintenance officers after being briefed oma
the VIK tectnique indicated that they believed {t was an snswer o one of their
most serious problems; that of tracing down a problem to its specific cause.
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They described several current problems that inrolved finding a way to prove
that their personnel had performed their work properly and that the units were
working to specificat{on prior to delivery to the organizstionsl level. One
such problem involved documenting the fact that units received from the depot
did not perform according to specifications.

Tactical Air Command (TAC) officers, munitions loading, and
maintenance personnel regarded the VIR technique as a potentially valuable tool
in establishing standards. It vas believed that efficient standards could be
formulated much more rapidly through the utilizatioa of VIR recordings than
wvith their current method of many live trials.

(6) Air Training Command

The PSTE obearver evaiuators who were transferred from the P-4
PSTK team shortly after the beginaning of this study had more exposure to the
VIR techaique than anyone else on the test team at Edwards AFB. They believe
that VIR sould provide them vith a fast, inexpensive wvay to develop specialized
training materials. It would also provide a means of effectively utilizing
the observer evaluators on PSTE by assuring coverage of tasks, ideatifying
problem aress, and providing a means by wvhich human engineering or life support
specialists could be briefed on problem areas. They believed that tapes pre-
pared prior to Category Il testing would be a good way to brief Category II
test personnel on rystem equipment and procedures for bdoth training and PSTE.
Ona of the ATC men was transferred to the P-111A program and began using the
¥-111A progrem video tape recorder (originally intended primarily for air crew
and cockpit evaluatior) on maintenance activities. His effort in *his area
was received with enthusiasm by the F-111A test management.

b. Comntractor PS and PSIE Persoanel

The McDonnell Douglas Engineering Psychology Departz=nt has been using
the VIR for humen engineering evaluation om F-4 aircraft and missiles, space
recoora‘ssance, and advanced display simulations for several years. The
potential usefulness of the VIR technique for FSTE was recognized very early
by the F-4 Pergonnel Subsystem Group. It was believed that this technique
would have applications throughout the PS elements and {n all category tests.

The early use of the VIR vas limited because of limited mobility and
complexity of equipmsut cowmponemts. Although many improvesents were needed,
the time required to implemsnt these modifications was not available due to
heavy project commitments. This study contract provided a means to iaplement
the changes, and to apply and evaluate this techaique on a vide base.

Engineering Pesychology Department personnel at McDomneil Douglas,
St. Louis iaterface with many of the design, support, and testing groups.
Their requiremen’s ss well as those that are more exclusively the comcern of
the perscnnel subsystem activities csa be partially met by the VIR technique.
At this time, the Engineering Psychology Department is werking vith seversl
deeign and support groupe in the application of the technique to additional
aress such as ma.ufactyring methods snd Time Complisnce Technicsl Orders
{TLTO's).
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One of the McDonnell P-4 PS group has been on the F-4E Category II test
since its beginning. This is the only person performing PSTE on this test
progrem at the present time. Based on experience with the presently used PSTRE
techniquas, and upon needs identified during the test, this person is convincad
thet VIR would greatly improve PSTE effectiveness.

c. Contractor and Vyndor Engineering

The attitudes of ergineers regarding the usafulness of the VIR tech-
nique varies with their responeidilities. To the design engineers VIR record-
ings present both a valuable tocl and a threat. Froa the positive standpoint,
VIR offars them s wethod by which thay can evaluate their equipment being used.
It aids 4n pinpointing problem sreas and in form lating corrective actions.
However, soms are skeptical sbout tha distributica of the video tapes. This
is especially true for mock-up and early maintensnce trials. They feel thsat
the problems associated with these early events ‘7ill not represent the produc-
tion equipment, and that the recordings may giv: the viewars the wrong is-
pression. FRowvever, many design engineers wouli utilize video tape data pro-
vided by vendors or the Air Porce,

Teast engineers regard video tapes recordings as an excellent means of
evaluating design and performance. Since they did not design the equipment
these ergineers are more favorable toward distributing the data to others.
Video tapes made during this study have been used by test engineers to assure
exact duplication of maintenance procedures. VIR data can significantly reduce
the time and effort to prepare tzst reports, and aid the recipient in under-
standing the data.

ASSESSMENT OF EQUIPMENT AND RECOMMENDATIONS
a. VIR System Considerations
The VYR equipment used in this study should be compared with battery
povered portable systems for use in PSTE of maintenance activities. The

powered portable systems have some primary advantages. These are:

(1) Mobility - The camera, lens, microphone, recorder, and battery
pack weight less than 25 pounds.

(2) Simple vwiring and operatiom.

(3) %Mo monitor required - A small CXT {n camera provides TV image
for focusing, zoom, and framing.

(&) Mo eaternal power required - Powered by internal batteries or caa
use ground power 1if available.

There is no question that this type of unit i{s superior in mobility, cost, and
simplicity. However, there are some sevious limitations.
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(1) The recording cannot be played back on the portable recorder.
It has to be played on a larger machine. A playback system with
monitor weighs nearly 75 pounds and requires 115v 60 cycle power.
Therefore, one of the major advantages of video tape over movies
is somewhat offset by having to take the apool of recordesr tape
off the recordev to play it on another machine whick is nearly
as heavy 13 the ones used in this study.

(2) The horizontcl resolution of the battery powered systems is from
220 to 300 lines. This is a loss of 180 to 100 lines compared to
the larger units.

{3) The tape capacity allows 20 min'tes of coatinuous recording,
whereas the VIR units used in this study provide for one hour of
continuous recording.

(4) The batteries will provide for one hour of recording when fuily
charged.

(5) The hand held camera requires support for lengthy recording
sc-juences or for those scenes requiring telephoto work.

No VTR system has all of the characteristics needed for maintenance
evaluation. Based on the experience gained in this study, it 18 recommended
that both the battery powered units and the larger systems should be used in
PSTE.

In order to perform PSTE properly, some of the complex tasks should
be recorded simultaneously from different camera angles. For example, weapons
loading involves a crew of four people who at times are widely separated. A
wide ancle shot would define positions but would be useless ifor details. A
canera working on details would not show the positioning of the team.

The VTR technique is not difficult to learn. The ATC persr~rel and
several XcDonnell Douglas engineering psycholopists have learnel co use the
technique. With the test guide and -ideo tape instructions an average person
can learn the procedures in one day, and become proficient in one week. The
rapid playback of reccrdings speeds up the learning process and gives the
trainee confidence.

The most significant problea ass~ciated with the wide utilization of
the VIR technique is the variance of VTR machine characteristics fror. one wmanu-
facturer to another. A recording made on one machine, with a given tape size,
spced, and scanning pattern will not play back on any other machine except one
that has identical characteristics. There is little evidence that the industry
i3 approaching a standard format. Staudardization may take many years, and to
vait for such a development woul! seriously delav the utilization of a valuable
tool. The logical sclution to the problem {s for the coatractore, vendors, and
military services to standardize un the baais of the most versatile and best
designed equipment zvailabdle.




b. Lenses
(1) Assesswent

The two zoom lenses used with the system worked well, The zoom
feature definitely is required for adequately recording msintenance functions.
Of the two lenses, the Angenieux 15-150mm focal length range was used more fre-
quently simply because it had s 10-1 zoom vatio. The Canon lens bas only s
4-1 ratio ~oom ratio.

A few problems vere encountered with the use of these lenses.
The operstor wust reach around the camera whila viewiny the monitor and manual-
ly position the focus, zoom, and iris settings. The craak for the zoom ring
on the Angenieux lens snmetimes becomes insdvertently diseagaged and when the
operator needs to zoom he may have to spend time getting the crank snd ring
gear teeth engaged. This can result in lose of detsil or a point of i{nterest.

On a few occasions it would have been useful to have lenses that
would produce magnified images of small parts, snd lenses thet had an extremely
wide angle of view, to provide for recording of tasks within the equijment
cumpartments.

(2) Recommendations

(a) Zoom leuses with large focal length ratios should be used.
The minimum ratio recommerded is 8-1.

(b) Zoom lenses should be provided with remote coantrol of focus,
zoom, and iris functioos, and the controls should be located
on the rear of the csmers or on the tripod handle. The
control box for thz lens should be clearly iabeled in terms
of control functionc to prevent slewing che wrong directiocm.

(c) An extremely wide angle lens, about 3>mm, should be available
for work inside of compartments. Experiements should be
conducted to test the feasibility of using coherent fiber
optic bundles {n very limited areas.

(d) Supplementaiy lenses and filters should be part of the sys-
tem. The supplamentary lens available for some zoom lenses
extends the zoom range by 1.5X or 2.0X. A £2.8, 15 to 150mm
lens becomes a f4.5, 25-250mm lens wvith a 1.5X adapter, or
¢ £5.6, 30-30Cam lens with a 2.0X adapter. There is, of
course, s penalty in light transmission.

c¢. Camera
(1) Assessment

The GPL cameras provided wvery good picture quality and no walfunc-
rions vere experienced with it. Bowever, the lack of a bullt-in viewfinder or
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monitor on the camera vas a definite handicap. The mounting of the monitor
between the tripod legs tends to produce disorientation of the operator with
respect to the object. Zooming and panning had to be accomplished wholly on
the basis of the monitor image.

The video level mster wvas a valuable addition to the camera in
that it provided a feedback on the target and beam controi settings and assured
optimum video signal to the recorder.

The improved camera mount was decidedly superfor to the single
bolt mounting provisions that are on tae off-the-shelf equipment.

There vere mumerous times vhen it would have been desirable to
point the camera down to give an overhead view, This was not done due to the
risk of damaging the vidicon tube with internal debris falling from the Iilas-
sent onto the vidicon face. This creates vhite spots vhich are pérmanent.

(2) Recommendaticns

(a) Any video camera used to evaluate maintenance should have a
built-in viewfinder. This should be a cathode ray tube
(CET) rather than an optlicel device. This will provide the
operator vith correspondence cues between the object and
movement of the cameras.

(b) All controls associated vith the camera and lens should be
built into the camera, attached to {t, or on the tripod
handla.

(c) The camera should be provided with s video level meter to
assure proper signal strength.

(d) Camera should be lightweight and rugged.

(2) . The cawera should be provided with a strong mounting bracket
that gives positive locking.

(f) Very small hsnd held cameras are necessary for work inside
of cuckpits and compartments. However, in these environ-
ments the zoom lens, CRT viewfinder, and videc level meter
would probably have to be sacrificed for mobility and
accessablility.

(g) Various e: cting and roof prisms should be investigated to
develop a vertical (dowrarard) capability for the zoom lenses.

{h) Various lers wounting plates shouvid be acquirzd so that the
camera can be placed closer to the object for very detailed
work. These woull merely extend the lens distance from the
vidicon tube face, and wuld restrict the focusing of the
lens at the greater distances making wmarkings on the focus
ring {ncorrect.
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(1) Special low light level, and infrared, vidicon tubes shoculd
be investigated to determine to what extent they will

perform under low scene {llumination levels.

d. Cabling
(1) Assessment

The cabiing and power lines were effective and signfficantly re~
duced confusion, hook-up time, and obstructions on the floor. The BNC connec-
tors were much easier to connect and provided adequate engagement feedback.
These connectors are subject to damage if stepped on, and are difficult to in-
stall on coax line without the proper tool:.

Although cables lengths were adequate for most of the {light
iine, hangar, and shop work, it was obvious that units that have a self con-
tained power supply could significantly reduce the weights, length, and number
of wires.

(2) Recommendations

(a) Wiring and cabling of a video tape system is very important
to its mobility aid capability. A VIR system should be
mocked up and the wire lengths, cable combinations, and
connecting points optimized early in design.

(b) The use of auxiliary power units should be thoroughly in-
vestigated with the pcssibility that a VIR system can be
totally self contained.

(c) The smal, battery powe-ed VIR systems should be used in
situations where ground power is not available, or when
very fast reaction time is required.

e. Tripod and Dolly
(1) Assessment

The tripod and dolly gave excellent service. The tripod wvas
rigid and the helght range (32" to 72") was adequate for most f the study
work. As long as there is ample floor space in vhich to maneuver, the legs
do not interfere with the task. However, {f there are obstructions the only
vay to position the camera is to plice the tripod upon an object, haud hold
{t, or mount the camera on some other support.

Wken recording munitions loading or other tasks beneath an air-
craft fuselage and vings, the tripod and camera barely clear the overhead.
This limit on *he .ow adjustmwent zlso prevents the camera from looking up into
the compartments vhere the work is being performed.




The 4-inch, hard rubber wheelcd casters on the dolly are adequate
for hangar floor, shop, and flight line wo i« as iong as one does rot have to
move over cables and air Loses. Any obstructior of this kind makes necessary
the 1ifting the camera station over the chject,

(2) Recoamendations

(a) TripoCs and dollies procured for VIR should be of the heavy

duty type in order to support the camera weight and to re-
duce vibration.

(b) Tripod pan/tilt heads should have provisions for holding the
videc camera tightly and should have positive locking
features.

(c) Some tasks may require camera mounting on structures other
than tripceds. Varioue pileces of Air Force AGE can be used
such as elevator work stands, cherry picker cranes, and

facility structures (railings, overhead rails, and cat
wvalks).

(4) Por low angle work, tripod accessories should be provided
to allow the camera to be offset from the center. This
wvill permit che camera to be lowered nearly to ground level.

(e) Por hangar and flight line use, the dolly wheels should be
replaced with 8-inch diameter pneumatic wheels so that the
dolly can bc moved over moderate obstructions.

f. Microphones
(1) Assessment

The microphones produced good quality sound recordings except 1in
areas where the ambient noise level was high.

The biggest problem with microphones is the cable. In most of
the tasks, the movement of the maintenance personnel is impeded by the micro-

phone cable getting caught on structure, tripping personnel, and either being
too long or too short for the job.

The carbon microphone on the headset could not be matched with
the two dynamic microphones. Consequently, the carbon microphone overlaoded
the audio while the other two gave weak or indistinguishable inputs. If the
gain on the sudio wvas increased sc that the dynamic microphoaes gave an adequate

recording leve! the carbon headset would overdrive and the voice was unintelli-
gible.

(2) Recommendations
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(a) An investigation to determine the best microphones to use
in high ambient noise 2nviromment should be made. These
tests should involve noise csncelling and throat
microphones.

(b) The use of wvireless microphonz systems should be invest -
gated in terms of their apriicability to the VIR technique.

(c) The use of a small portable audio tape :ecorder to acquire
voice and later dub it on the video tape is a worrkable
solution but requires more work.

(d) Care must be taken to match the input characteristics of
microphones g0 that VIR audio level will be rveasonadbly
constant,

g. Headphones

(1) Assessment

The use of a headset to mouitor the audio inputs is desirable to
allow the operator to control gain and microphone selection.

Originally we had tried some incxpensive plastic headphones but
found that they did not shield out the ambient noise, and they became very
uncomfortable within 15 to 20 minutes.

(2) Recommendations
(a) Use only dual earphones with foam ear cushions

(b) Provide a volume control on the set to allow operator to
adjust volume without changing audio level s=tting.

h. Video/Audio Junction Box

(1) Assessment

The video/audio junctivn box was designed to meet the requirement
for a common attachment for signal cables. It also served as a control for
microphone selection and video live or VIR. The structure takes the load off
the camera, monitor, and headset connectors. The attachment of this box to the
mounting blocks was effective and easily engaged and disengaged.

(2) Recommendations
(a) Provisions should te made for a common point of attachment
of all cabling at the camera station. Additional controls
can be instailed in such a unfit.
(b) The video/audio junction box should be provided with quick

and effective mounting provisions.
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i. Monitor
(1) Assessment

The only resson for sounting s sonitor on the camera station was
to provide video feedback. The size of the monitor, the monitor wounting
bracket, and the space they occupy creates many problems.

When the monitor is used for playback, the larger eize units
have a distinct advantage. The controls on the Miratel monitor ware adequate.

(2) Recomundations
(a) Use video cameras that have a built-in monitor for recording.

(b) Use large wonitors for playback. This unit should be used
in a telatively dark room, or have an adequate glare shield
built onto it. A high ambieat light level 1lluminates the
phosphor on the tube face and reduces picture contrast
and clarity.

j. Video Tape Recorders
(1) Assessment

Both the Ampex Model 7000, and the Bell ard Howell Model 2920
recorders wvere used in this study. The VIR cart wvas designed around the Ampex
recorder as well as the cabling configuration. Both recorders performed well.
The Aspex unit required replacement of t.: e guides (they were beginning to
shred the tape).

The cuality «f image sand sound recordifuve vas quite good. The
ATC members of the PSTE quickly learnmecd how to use bot: recorders. Moast of
the commenta that are applicable to the recorder hsve been stated in the pre-
vious YTR sysicm assessment and rocowmendations section,

Some specific disadvantiges are thit these units required 115V,
60 H_ ground power and they are heavy and cannot be hand-carried very far.
Theyzare not compatible except to electrouically dupiicats or edit from one
machine to another.

A cownlet: VIR gystem bagsed on either the Ampex or Bell and
Hovell recorder invi v:s many items and interconnections and is therefore not
capable of immedi{a:.e reaction. Five minutes is about the minimum preparation
time,

(2) Recommendations
{a) The eftective utilization of the VIR technique will depend

gr2atly upon the standardization of equipment among the
Alr Force commands and offices, the contractors and veadors.
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Before a large amount of incompatible VIR equipment ia
purchased, it 1s suggested that the aerospace industry and
Air Porce form a committee to investigate this equipment
area, and formulate standards so that funds will not be
expended on equipment that has limited value.

(b) The manufacturers shouid be encouraged to develop equipment
that is compact, versatile, and capable of working under
poor lighting, high ncise, and limited space conditions.

k. VIR Cart
(1) Ascessment

In order to compensate for the weight and complexity of the VIR
systea it vas necessary to develop a vehicle that would provide for operation,
transportation, and stowage of the equipment. This cart contributed greatly
to the effectiveness of the technique. The mobility of the system was greatly
superior to that of the earlier office supply carts. The provisions for
stovage and rapid access to system elements assured the operator that all
items were availaole and permitted fast assembly.

The VIR cart is quite heavy. However, it has been pulled along
flight lines and around hangars by one pergon. There is no doubt that the
weight could be drastically reduced through the selection of materials and
redesign. It is doubtful that many nf the features could be eliminated, how-
ever. It should be remembered that the cart contains what amounts to a complete
television and recording system. Additional pieces of equipment such as lights,
light and camera tripods, and the tripod dolly should be carried on the carc.

Tractors and trucks on Air Force Bases are generally available
for towing such a cart over long distances. Thig cart was towed 25-30 miles
over the ramps and taxi ways without a mishap or damage to the stowed equipment.
Since most of the hangars and shops were accessible via taxiways there was no
problem of impeding traffic.

(2) Recommendations

(a) Large VIR recorders require a means of transpnrtation and
stowvage.

(b) The tricycle wheel arrangement of the cart used in this
study proved to be versatile. It is suggested that the
front wheel be doubled (but not spread apart). This would
reduce roll and still allow 360° steering.

(¢) The rear wheel spacing allowed the cart to negotiate narrow
doorways and hallvays. However, the rear wheels should be
previded with a mechanism for estending them another foot
on each side. This can be done with axles that can be
extended by means of a8 screwjack., This would provide
greater stability during towing.
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(d) The dismeter of the wheels gshould be increased to 10 inches
to smooth out the ride over obstructions. The tires should
be pneumatic to absorb shock and to provide more clesrance
between the bottom of the cart and the ground.

(e) The towing tongue should have s latch to hold it in the up-
right position vhen it is not being used.

(f) Provisions should be made in the cart for the stowage ard
transportation of the tripod, dolly, and lighting equipment.

(g) The cart should be provided with cable reels for efficient
stowage and unreeling of the long pover and cable reels.

(h) A slide out or fold down work table should be incorporated
into the cart to provide for paper work and minor repairs.

(1) A means of adjusting line voltage should be provided
because ground power may vary.

(§) There should be no projections from the sides of the cart
such as handles and connectors to create damage when passing
through doorways.

(k) An investigation should be made into suitable power plants
that would make a cart self-sufficient and reduce cabling
requirements.

(1) The design of a VIR cart should emphasize weight reduction
while maintaining sufficient structural strength.

1. Lights
(1) Assessuent

In the early part of this study a series of fixtures and lamps
were tested. The intensity, coverage, and lamp life were investigated It
was apparent that good lighting was the key to good detail, depth of focus,
form and shape. The common floodlights, spotlights, and photofloods did not
possess the proper characteristics. The readily available fixtures were weak
and provided limited control. It was decided to procure professional lighting
equinment. This decision was bas¢d upon discussions with VIR and TV 1li{ghting
specialists. The four lights performed very well and their use made a big
{mprovement in the quality of the recordings. The tripods were versatile but
were subject to being pulled down if someone tripped on the power line.

All of the lighting equipment except for the tripods are trans-
ported and stored in two cases.
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(2) Recommendations

(a) Use professional lighting units whenever possible to provide
good contrast and detatil.

(b) Tripods should be weighted with sandbags or shot bags vhen
used in arcas of heavy traffic.

(c) The lights should be plugged 1nfo a different fuse block
than the one used for the VIR system to prevent overloading
the circuit.




SECTION VI

SUMMARY AND CONCLUSIONS

The video tape recording technique as coufigured and applied fo this study
should be regarded as an introduction of a PSTE technique rather than & fully
developed techaique. The potentisl uses of the VIR tezhaique vere recognized
by most of test personnel who had an opportunity to zssess it. It {s evident
that for this techaique to mature and be effectively ucilized, more development
and greater exposure will be necessary. Very few people (less than 5 percent)
vho were exposed to this technique Jduring the study had been previously aware
of the resolutfoo that could be obtained, the ease of operaticn of the VIR, or
the methods of applicstion. However, moet wvere enthusiastic about its future
in the field of testing.

The use of the VIR technique will be summarized in terms of the original
selection criteria.

Will Obfectively Measure Human Performance

The analyses of the video tapas resulted in the identification and quanti-
fication of many aspects of human performan.e without requiring information
from the subjects. The data included: the time to perform s task, the
number of times a particular sub task vas performed, a record of trsk
difficulty based on number of unguccessful attempts, errors and err>r
rates, degree of devendency on T.0, procedures, degree of dependency on
supervision, and frequency and type of problem solving behavior.

Provide Data That is Useful to a System Tegt Efforg

Due to the lack of maintenance cctivity on the two selected subsystems,
n: answer is available in regard to the Category II tes: effort. How—
ever, use of the VIR on the AGM6SA trials, F-4 Afrcraft Anthropometric
study, and Rockeye 1i bomb tests provided valuabie information to the
test personnel, and to design engineers and support personnel.

Csn Be Used During Test Activities

The VIR equipmwent was used in hangar, flight line, shop and office areass.
The only limitation is the availability of adequate power.

Will Produce Minimum Interferenc

(]
-

With Test Activities

The presence of the VIR equipment and the form of its data sre obvious
to those who are performing the tasks. There (s little evidence that
this knowledge interfers with the task. In a fev cases where the main-
tenance personnel were required o move to allov the camera tu record
the task there was some sloving down of the task performance.
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The current PSTE techniques of questionaires ard checklists consume time
but gzldom result in useful data. The value of direct observation and
note taking 13 directly related to the knowledge and gkill of the observer.
In addition, complex tasks involve too many actions to monitor and assess
in real time.

A task performed by an individual or a team will seldom be repeated in
the exact way it was performed the first time. With a recording the
effects of learning, and familiarization ~an be ruled out or identified.
If one wanted to establish these effects, hc coriid compare recorcdings,
made after classroom training, after on-the--job training, and after six
months of experience.

Have a Potentjal of Being Frequently Used and Applicable to Many Subsystems

The aoplication of the VIR technique in this study has demonstrated 1it:s
versatility and applicabilicy.

Will Be Based on the Technique as Being a PSTE Tool in Contrast to a
Research and Development Tool

The evidence obtained in this study indicates that thes VIR technique can
be used extensively in icsting and research and developwment.

Can Be Used By Test Personnel Without Extengive Training

The Air Training Coumand personnel and MDC Engineering Psychclogists were
able to operate the VIR equipment after one day of training. Proficiczacy
in the use of this technique to collect PSTE data requires additional
knowledge hut this 1s primarily in the area of human engineering.

Will Generate Data That is Usable by SPO's, Contractors, and the Air
Force Commands

The VTR data collected ‘n this study was used by the contractors, AFSC,
ATC, and TAC. The primary deterrent tc wider data utilization was the
lack of playback equipment in the Alr Force, contractor, and vendor
facilities.

Will Be Adaptaeble to a Fast Reaction Situstion

The modified VTR equipment could be put in operation within 5 minutes

at the F-4E Category Il test gite. When the camera station equipment
was stowed in the VIR cart, the setup time was extended tc 25 minutes.
The use of sma.i battery powered WVTR's would permit response to the most
urzent sftuations.

Will Providr Results That Have Operationsl Significance

The VTR dat. .ollected during this study on several weapons loadings
possessed overaticnal impiications. The recording o the trials involving
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the R & D migsile loading typify the points at which the VIR technique
should be used to predict the weaprns' impact on operational units.

The utilfzation of the VIR technique should be directed toward new system
and subsystem development, and be employed during development fros conceptual
studies to operational use. The VIR ghould be rcegarded as 1 valusble new tool
but not as a cure-all,

An important role for this technique is begioning to be recognized. Task
analysis is the foundation for most of the PS elements. The VIR technique
provides for a reproduction of tasks. Although dzsign engineers, test engi-
neets, and many others involved with system design and development may make

ittle use of task analysis, it (s obvious that task performance data is basic
to many disciplines. Therefore, by providing a common data base in a form that
can be quickly and accurately assessed, it is conceivable that design can be
accelerated, problems reduced, and data for the preparation of training and
T.0.'s provided earlier.

The point in time at which a task can be evaluated is impourtant, If the
tagk can be evaluated early through the use of mock-ups, simulations, and
prototype equipment there is a good chance that probleme {dentified before
production can be rectified.

A design engireer has to deliver a functioning piece of equipment by a
certain date, withir a specified budget, and it must conform to weight, size,
and various other physical constraints. These requirements put considerable
stress upon the development stage., Those pergonnel who are responsible for
AGE design, training, T.0.'sn, personnel subsystem elements, training equipment,
reliability and logistics are to a great extent dependent upon the AVE equip~
ment design. The most valuablc inputs to design are those that are clearly
definad and provided in the concept stage. But, during this stage transfer
of information among AVE engineering and the supporting groups 1s infrequent
and fragmentary. The VIR technique has the capability to improve this process
during system development.

The VIR technique is caparle of documenting design process and equipment
performance, demonstrating compliance with specifications, and reporting
problems to the Air Force. One potential problem with the use of the VTR
technique for reporting is the fact that contractors may generally oppose the
exposure of problem areas. They may prefer to solve problems themselves with-
out unduly alarming the customer. To a certain degree, this is a justifiable
view for many of the equipment problams are solved before the first proiuction
unit is delivered. But, generaliy not all prohlems are solved. This brings
up the question, "when does th~ customer need to be informzd?" The sccuye,
timing, and requirement for VIP data should be establishecd irn the concra:t
for the weapon system.

The use of the VTR for PSTE should be assigned Lo the human tactor-
personnel. In this study, the results from trials in which the human factors
specialist directed the use cf the VTR system were decidely inferior t: tuosc
in which the human [actors specialist did the work himseli. Tnis judgewm:rn:
is based on the quality of the data on the tape.
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1f the VTR technique were to be fully implemented in a PS program, some
method for selecting, reducing, and distributing the data would have to be
developed. The VIR has an inherent feature that would permit encoding and
decoding sections of the tape. The formulation of an adequate code and the
design of the equipment are sreas that should be investigated.

The VIR data can be transmitted over closed circuit telephone lines,
AFSC pregently has a network of this type. The receiving stations may record
or view the data without recording. Most contractors have widely spread
facilities and a similar video network could provide for rapid communication
among the plants.

94




]

APPENDIX I
VIDEOD TAPE RECORDING SYSTEM ASSEMBLY, OPERATION AND MAINTENANCE

INTRODUCTION

The procedures contained in this manual prepare the Video Tape Recording
System from a storage or shipping configuration to an operating configuration.
The procedures consist of the following sections: Reference Publications;
Precautions to be Observed; Unpacking and Preparation; Turn-on and Adjustment;
Operation; Shut-down; and Preventive Maintenance.

The Reference Publications section itemizes the commercial msnuals that
support the commercial components comprising the Video Tape Recording Systea.

The Precautions to be Observed gection identifies various areas in the
Video Tape Recording System that, under certain conditions, are subject to
damage, and specifies the correct methods for avoiding the damage.

The Unpacking and Preparation section provides a parts iaventory, unpack-
ing and assembly instructions, and equipment hook-up instructions.

The Turn-on and Adjustment section provides preliminary control settings
instructions, tape threading instructions, and equipment turn-on and adjustment
[ procedures.

The Operation section contains all procedures necessary to fully utilize
g the Video Tape Recording System.

The Shut-down section provides instructions for partial or complete dis-
assembly, and storage, of the Video Tape Recording Systea.

The Preventive Maintenance section specifies certain components of the

Video Tape Recording System that require frequent attention, and provides the
necessary procedures for perfciming maintenance on the components.
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SECTION I

REFERENCE PUBLICATIONS

1-1. GENERAL.

1-2. The following i1s a list of pubiications supporting the varicus commer-
cial units that comprise part of the Video Tape Recording System:

a. Precision 700 Television Camera, Operation and Service Instruction
J{anual.

b. Video Tape Recorder, Model VR-7000, Asii~X Operating Manual.

¢c. Sony Cassette~Corder, Sony-matic TC-100, Owner's Instruction Manual.
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SECTION II

PRECAUTIONS TO BE OBSERVED

2-1. GENERAL.

2-2. The following iaformation de: certain areas in the Video Tape Ra-
ccrding System that are susceptible dsmage, therefore requiring special
attention.

2-3. TV _CAMERA,

2-4. To prevent damage to the TV Camera vidicon tube, do not point the cam
era at the sun or sunlight reflections (glare) at any time with the lens cap
removed. ZInsure lens cap is installed at sll times vhen camera is not used.

2-5. To prevent damage to the vidicon tube caused by residue in the tube,
do not point the TV camera, lens down, at an angle exceeding 45 degrees from
the horizontal,

2-6. To avoid possible damage to circuitry in the TV Camera due to accidental
grounding, do not disconnect the video cable connected to the camera VIDED
jack while power is applied to the camers.

2-7. ILLUMINATION.

2-8. To prevent possible overloading of lines and fuses of the Video Tape
Recording System, connect illumination lamps to a 115 vac 60 cycle power
source separate from the gystem power,

101




SECTION ITI

UNPACKING AND PREPARATION

1. CENEMAL.

3-2. Section II, Uapacking and Preparation, provides a check of the avail-
ability of &1l components comprising the Video Tape Recording System. The
section also providas instructions for s:tting up the Camera Station config-
uration and the Video Recordasr.

3-3. 8ee Figure -1 for a typical set-up of the Video Tape Recording Systea.
If video or video and audic are to be recorded, perform parsgraph 3-7,
Preparation Por Hecording and Playback. If only playback or sudio dubbing
18 to be performud, perform paragraph 3}~15, Preparation For Playback or Audio
Dubbing Only.

3-4. PARTS INVENTORY.

3-5. All components and units comprising the Video Tape Recording System
are shown and {ndexed {n Figure 3-2.

3-6. Before beginning assembly of the Video Tape Recording System, check
for uvailability of all parts per Figure 3-2.

3-7. PREPARATION FOR RECORDING AND PLAYBACX.

NOTE

Pollowing procedure completecly assembles
Video Tspe Recording System for both re-
cording and playback (if unly playback
or dubbing audio on video tape is desired
do not perform following :;rocedure -
proceed to paragraph 1}-15, Preparation
for Playcack or Audio Dubbing Only.)

3-8. CAMERA STATION PREPARATION.
See Figure 3-3.

3-9. Cemera/Triped.

a. Prepare tripod dolly (2) by placing hands on spreadsrs {(arms with vheels
attached) such that spreaders wi'l not pinch hands sgainst center piece,
and unfold gpreaders. Play dolly wheels down, on floor,
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1. CAMERA STATION

2. TELEVISION CART

FIGURE 3-1 VIDEO TAPE RECORDING SYSTEM
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1. TELEVISION CART
2. VIDEO TAPE RECORDER (AMPEX MODEL YR-7000)
3. TAPE REELS (5)
4 ¥. ELECTRICAL CABLE
5. Wi ELECTRICAL CABLE
6. W6 ELECTRICAL CABLE
7. W11 ELECTRICAL CABLE
8. W12 ELECTRICAL CABLE
9. W13 EXTENSION CABLE
10. REMOTE CONTROL UNIT
T-SCREWS (2)
11. MAGNETIC TAPE HEAD CLEANER (SPRAY) (MS-200, MILLER-STEPHENSON CHEMICAL CO., INC.)
12 1SOFROPYL ALCOHOL
13, AMPEX HEAD CLEANER (P/N 010823)
14. DEMAGNETIZER (HD--6) (ROBINS INDUSTRIES CORP.)
15. W1 ELECTRICAL CABLE
16. W2 ELECTRICAL CABLE
17. W3 ELECTRICAL CABLE
18. TIRE PUMP (NO. 1778) (BIG BOY PRODUCTS INC.)
19. MOUNTING BLOCK, SYSTEM POWER DISTRIBUTION BOX
SCREWS (2)
20. MOUNTING BLOCK, VIDEO/AUDIO JUNCTION BOX
SCREWS (2)
21. TOOL KIT
a. COAX CONNECTORS (4)
b. FLAT-HEAD SCREWDIVER, LARGE
e. PHILIPS-HEAD SCREWDRIVER
d. ADJUSTABLE WRENCH
e. PLIERS
f. COTTON SWABS
g- SHORTING PLUG, VIDEO TAPE RECORDER
h. FLAT-HEAD SCREWDRIVER, SMALL
i. X-ACTO KNIFE
j- ALLEN WRENCH SET
k. TIRE PRESSURE GAUGE
1. POWER CABLE ADAP TERS
m. ELECTRICAL TAPE
n. SOLDERING GUN
o. SOLDER
72 TV MONITOR
23 LENS CONTAINER
24. CAMERA LENS
25. VIDEO/AUDIO JUNCTION BOX
2. CALERA MOUNT
PHILIPS-HEAD SCREWS (2)
27, SYSTEmM POWER DISTRIBUTION B _ X
2. ;LLUMINATION POWER DISTRIBUTION 80X
2. TV CAMERA (GPL PRECISION 700)
30. AUXILIARY AUDIO R ZCORCER (SONY-MATIC T£-100)
31. MICZOPHONE, AUX!LIARY AUDIO RECORDER
32 HEADSET (MT-522A/U} {ROANWELL CORP,)
31 VIDEO RECORDJER ~ICROPHONES (2) (MODEL 420) (SHURE BROTHERS)
34. W8 ELECTRICAL CABLE BUNDLE
35 #5 ELECTRICAL CABLE
3. W7 ELECTRICAL CABLE
37. W9 ELECTRICAL CABLE
B. ELECTRICAL CABLE RETAINER RINGS (4)

FIGURE 3-2 TELEVISION CART CONTENTS
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MOUNTING
CLIP (REAR)

MOUNTING
FLANGE

MOUNTING
FLANGE

SPREADER (3

MOUNTING
cLir

BRACKET
HOLES (8)
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LOCKING

RUBEBER GRIP
FLANGE

LOCKING SCREW

POWZR CABLE
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V. CAMER2 TRIPOD (SAMSON MODEL 7301, QUICK-SET INC.)
2 TRIPOD DOLLY (SAMSON MODF.L 601, QUICK-SET INC,)
3 CAMERA MOUNT
SCREWS (PHILIPS-HEAD) (2
4. TV CAMERA (GPL PRECISION 700)
5. REMOTE CONTROL UNIT
T-SCREWS (D)
6. U-BOLTS (4)
WINGNUTS (8)
7. W1 ELECTRICAL CABLE
8. TV MONITOR
9. MOUNTING BRACKET, TV MONITOR
10. MOUNTING BLOCK, SYSTEM POWER DISTRIBUTION BOX
SCREWS (2)
11, SYSTEM POWER DISTRIBUTION BOX
12 MOUNTING BLOCK, VIDEO/AUDIO JUNCTION BOX
SCREWS (2)
13. VIDEQ/AUDIO JUNCTION BOX

FIGURE 3-3 CAMERA STATION ASSEMBLY
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NOTE

Ensure mounting bracket (9) is placed
under spreaders in following steps.

(Two aen required). Position TV Monitor mounting bracket (9) under any
two spreaders on tripod dolly (2) with hinged section of bracket near
center plece of dolly. Insert four U-bolts (6) over spreader arms and
through bracket holes. Secure U-bolts with wing nuts and tighten.

On camera tripod (1) loosen lowest knurled knob that attaches supports
to center column, and separate tripod legs. If installed, remove pins
from muunting holes in dolly spreaders. Adjust tripod legs and fit
legs into holes on tripod dolly (2). Secure legs to dolly with pins.

Remove TV Monitor (8) from starage provision in Television Cart. Ensure
fan electrical plug 1is inserted in FAN socket at rear of TV Monitor.

Set following switches on rear panel of TV Monitor to indicate
positiona:

SWITCH POSITION
SYNC INT
TERMINATE OFF (if not last in a series of monitors)

ON (1f last in a serles of monitors)

Remove electrical cables W1, W2, W3, and W4 from storage provision in
Television Cart,

Connect plug Pl of electrical cab = Wl (7, Figure 3-3) to one of VIDEO
connectors on rear of TV Monitor u).

Ensure mounting bracket (9) is in horizontal position and locking
screw on strut is secured. Position power cable and electrical cable
Wl through opening in back of bracket (9), and place TV monitor on
bracket. Place bungee straps over TV monitor and secure straps to
bracket.

Loosen bolts on mounting blocks (10) and (12) and open biocks. Posgi-
tion each block on tripod leg next to TV Menitor screer with wide
portion of mounting flange up (place both blocks on same leg, one
block positioned as high as possibhle with flange ¥ ~ing out, and other
block positioned midwav with flange facing left.) Tighten bolts witn
allen wrench.

tastall Video/Audio Junction Box (13) on trinod by inserting mounting

clip on back of box into mounting fiange ou upper mounzine block (12;
Push pox down f(or firm engagement.
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Repeat step j to install System Pover Distribution Box (11) on lower
mounting block (10).

NOTE

If screws require any effort to turn in
following step, reverse position of
camera mount.

Place camera mount (3) on tripod by engaging pins and secure with two
screws,

CAUTION

To prevent damage to camera vidicon tube

caused bty residue in tube, do not tilt camera,
lens down, at any angle exceeding 45 degrees.

Do not point camera at sun or sunlight reflec-
tions (glare) at any time with lens cap removed.
Ensure lens cap is installed over lens.

Remove TV Camera (29, FPigure 3-2) from Television Cart by rotating jam
nut clockwise and sliding camera off holding flange.

NOTE

Ensure camera lens and faceplate are clean.
Refer to paragraph 7-7, Lens and Faceplate
Cleaning.

Unlock locking lever on camera mount (3, Figur. 3-3) by pulling lever
up. Position TV Camera (4) over mount on Camera Tripod (1) such that
camera is pointing away frca tripod handle. Insert flange nn bottom of
camera into clips on mount. Rotate locking lever up to secure camera
to mount.

NOTE

If Remote Control Uait is not to be used,
do not perform atep o.

Unscrew (Lee screws on Remote Control Unlt (5) and open clasp. Flac»

unit close to rubber grip on tripod handle, and cloge clasp over
handle. Tighten tee screws until unit cannot rotate on handle.
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NOTE

To avoid absence of television picture
upon turn-on, ensure plug Pl of cable
W2 is connected to VIDEO IN jack in next

step.

p. (See Figure 3-4) Connect plug Pl of electrical Cable W2 to VIDEO IN
pack on TV Camera Video Level meter box. Comnect plug P2 to VIDEO jack
on TV Camera,

q. Connect plug P2 of electrical cable W1 to MONITOR jack on Video/Audio
Junction Box.

r. Connect plug Pl of electrical cable W) to VIDEO OUT jack on TV Camera
Video Level meter box. Connect plug P2 to CAM jack on Video/Audio
Junction Bex.

NOTE

If Remote Control Unit is not to be used,
do not perform step s.

8. Ccnnect plug Fl of electrical calbe W4 to elecirical receptacle on
Remote Contrsl Unit. Connect plug P2 to REMOTE CONTROL receptacle on
top of Video/Audio Junction Box.

t. (See Figure 3-4) Connect TV Camera and TV Monitor power cables to any
ac power receptacle on System Power Distribution Box.

u. (See Figure 3-1) Place Camera Station near maintenance task area.

v. Remove camera lens (24, Figure 3-2) from lens container (23) and install
on TV Camera (ensure lens cap is installed on lens).

w., If illumination of the scene to be televised is necessary, perform
Paragraph 3-10, Illumination.

3-10, llumination.

-

NOTE

Obtaining a high quality TV picture with
the TV Camera involves effecting a com-
promise between the TV Camers TARGET con-
trol and lens aperture (f/number) control
settings according to ambient illumination
conditions. It illumination is poor, a
large lens aperture (small f/number) is
needed to allov more light to strike the
camera vidicon tube. However, small
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TELEVISION
CART
WS VAC § o 115 VAC
w0 ~hPi W Pl lgcrce
pover ¥ DS“ Q  rower
SOURCE 6 OUTLETS

(6> MICROPHONE

;

>1-'ll

1

CABLING INTERCONNECT FOR:

. P

2. DUBBING AUDIO ON VIDEO TAPE

LAYBACK OHLY

AUXILIARY
AUDIO
RECOKLCFER Pl
MONITOR  [P———————w12
! ]

NOTES

TV
MONITOR
VIDEO
I
P Y
P2
L = J
AUDIO
N w10
VIDEO
RECORDER
P2 VIDEO P2
AC IN ouT [).__—-
REMOTE
| —
moarfy’
PLUG
POWER
(> OPTIONAL EXTENSION CABLE

75{) TERMINATION {F LAST OR ONLY MOMITOR USED

OPTIONAL

HAMGAR OR FLIGHT LINE
SHOP OF OFFICE AREA
CPTIONA. EXTENWSION CABLE
MICROPHORE AUDIO DUBBING

AUXILIARY AUDIO RECORDER DUBBING

(MAY BE USED ON MIC | OR
MIC 2 JACKS)

AUXILIARY AUDIO RECORDER
NOT SHOWN

CONMMECTED 'F REMOTE CON-
TROL UNIT 1S NOT USED

COMMNECTED IF REMOTE CCN-
TROL UNIT IS L ED

FIGURE 3-4 CABLING INTERCONNECT
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3-11.

3-12.

f/number settings reduce depth of focr's

of the image. Also, the necessary TARGET
control voltage output is large (clockwise
rotation), which tends to cause noise (snow),
lag or swearing of moving objects, and
shading and corner flere.

If 11lumination is strong, a small lens
aperture (large f/number) is necessary to
decrease the light to the vidicon tube:
as a result, depth of focus 18 increased,
and the TARGET control voltage output can
be decreased (counter-clockwise rotation),
improving picture quality. Thus, the op-~
timum conditions are as follows: good
illumination; small lens aperture (large
f/number); and TARGET control at maximum
counterclockwise position consistent with
picture quality.

CAUTION

To prevent possible overloading of lines
and fuses >f Video Tape Recording System,
connect i1llumination lamps to 115 vac,

60 cycle power source separate from system
power.

Use {llumination required for specific application. Generally, with an
£/1.5 lens, between 10 and 30 footcandles of illumination is necessary;
more {f a slower lens 18 used.

(See Figure 3-4) 1To connect illumination lamps, proceed as follows:

r move elactrical cable W9 from reel no. 4 on Television Cart; connect
jack J1 of cable W9 to ac power input cable plug at bottom of
Illumination Power Distribution Box; and connect plug P2 to 115 vac,
60 cycle power source separate from system power.

Connect Illumination lamp(s) to ac power receptacle(s) on Illumination
Power Distribution Box.

VIDEO RECORDER PREPARATION.

Recorder. See Figure 3-1.

Place Television Cart betwveen maintenance task area and 115 vac, 60
cycle power source.
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NOTE

Do not remove large metal retainer ring
from cable reel until cable i{s :o be un-
reeled. (Replace retainer rings on empty
reels.) To allov cabl: reel to rotate,
pull up and rotate locking pin to either
side until pin moves up into catch. If
hangar or flighi line maintenance task

is to be recorded, use electrical cable
W5 (atep b). If recording occurs in shop
cr office area use electrical cable W6

(step c).

(Hangar or flight line only) Remove retainer ring from reel no. 1 and
unreel electrical cable WS.

(Shop or office area only) Remove electrical cable W6 from storage
provision in Television Cart.

(See Figure 3-4) Connect plug Pl of electrical cable W5 or W6 to ac
power input receptacle on right side of Television Cart (do not
connect plug P2 to power source at this time).

Remove retainer ring from reel no. 3 and unreel electrical cable W7.

Connect plug Pl of electrical cable W7 to ac power receptacle on right
side of Television Cart. Connect jack J2 of electrical cable W7 to ac
pover input cable plug at bottom of System Power Distribution Box.

Remove retainer ring from reel no. 2 and remove electrical cable bundle
w8,

Connect plug Pl of cable bundle W8 to VIDED OUT jick on bottom of
Video/Audio Junction Box. Connect plug 2 to VIDEO IN jack, plug P3
to AUDIO IN jack, and plug P4 to AUDIO OUT jack. If Remote Control
Unit is to be used, connect plug P5 to REMOTE OUT jack.

NOTE

If Remote Control Uanfit is not to be used

and 1s not connected to Video Tape Recording
System, install shorting plug i{n REMOTE

jack on rear panel of Vidzo Recorder.

Connect plug P6 of cable bundle W8 to VIDEO IN jack on Video Recorder
rear panel. Connect plug P7 to VIDEO OUT jack, plug P8 to AUDIO OUT

Jack, and plug P9 tc AUDIO IN jack. If Remote Control Unit 1s to be

used, connect plug P10 to REMOTE jack.
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j. Connect plug Pl of electrical cable W1l to Television Cart ac powver
receptacle. Connect plug P2 to Video Recorder AC IN receptacle on
rear panel.

k. If {llumination of maintenance task area is desired, refer to Paragraph
3-10, Illumination, for requiremants and procedurs.

1. If extra TV monitoring civ~hility is desired, rcmove electrical cable
W10 from storage provision in Television Cart and connect plug Pl of
cable W10 to video input of extra monitor., Set Camera Staticm TV
Monitor TERMIKATE switch to OFF, Set ewitch on rear of extrs monitor
to 75 ohm {spedance. Connect piug P2 of ceble W10 to VIDED comnector
at rear of Camers Statioan TV Monitor.

m. If audio 1s to be recorded vhile video 1s recorded, perform Paragraph
3-13, Headset, or Paragraph 3-14, M!:-rophooes.

3-13. Headset.

a. Remove headset from storage provision in Television Cart. Set switch
on headset to off position to preveat depletion of batiery in Video/
Audio Junction Box,

b. Attach headset plugs to HEADSET jacks on Video/Audio Junctiom Box
{jacks are of different sizes and cannot be incorrectly engaged).

3-14. Microphones. See Figure 2-3.
NOTE

A maximum of two wmicrophones may be used
with the Video Tape Recording System,
depending on need. The following proce-
dure pertains to both microphones.

a. Remove Video Recorder microphone from storage provision {n Televigion
Cart. Attach micrcphone plug to MIC 1 or XIC 2 jack on Video/Audls
Junction Box. (If Jusired, extension cable W13 may be used to ex:iend
length of cabling between one microphone and Video/Audio Junction
Box. )

3-15. PREPARATION FOR PLAYBACK OR AUDIC DUBBING ONLY.

NOTE
Foliowing procedure assemlies Video Tape

Recording Svstem in a cecmpact configura-
tion for playback only or for dubding audio
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-5

nn video tape containing previously
recorded viaeon.

TV monitor as referenced in following
steps may be any available televigion
gset or Video Tape Recnrding System

TV Monitor (removed from Camera Station).

Place Te! ‘vision Cart and TV monitor in ar-»z equipped with 115 vac,
60 cycle power source.

NOTE

Co not remcve large metal retainer ring
from cable reel until cable is to be un-
reeled (replace retainer rings on empty
reels.) Tc allow cable reel to rotate,
pull up and rotate locking pin tou either
side uutil pin xzoves up intc catch. If
hangar or fiight lire area is to be used,
use power cable W5 (step b). If shop or
office area is to be used, usc power cable
W6 (step c).

(Haugar or flight line only.) Remove retainer ring from reel no. 1
and unreel electrical cable W5,

(Shop or office area oniy.) Remove electrical cable W6 from storage
provicion in Televigion Cart.

(See Figure 3~4.) Connect plug Pl of electrical cable W5 or W6 to
power input receptacle on right side of Television Cart (do not connect
plug P2 to power source at this time),

Connect plug Pl of electrical cable W1l to Television Cart ac power
receptacle. Connect plug P2 to Video Recorder Ac IN receptacle on

rear panel.

Remove electrical cable W10 frowm storage provision in Television Cart.
Connect P1 of cable Vi0 to video input of TV monitor. Set switch on
rear of TV monitu: c¢o 75 ohm impedance. Connect plug P2 to VIDEO OUT
jack on rear panel of Video Recorder.

Connect shorting plug to REMOTE jack on Video Recorder rear panel.

If microphone i{s to be used to dub audic on tape previously used to re-
cord viden, remove Video Recorder microphone from storage prevision in
Television Cart. Connect microohone to AUDIO IN jack on Video Recorder
rear panel.
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If Auxiliary Audio Reccrder 1s to be used to dub andio on tape previous-
ly used to record video, remove Auxiliary Audio Recorder (30, Figure
3-2) and electrical cable W12 (8) from storage provisicn in Television
Cart. (See Figure 3-4) Ccnnect plug Pl of electrical cable W12 to
Auxiliary Auvdio Recorder MONTIOR jack. Connect plug P2 to Video Re-

corder rear panel AUDIO IN jack.
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SECTION IV

TURN~ON AND ADJUSTMENT

4-1. GENFRAL.

4-2. Section IV, Turn-on and Adjustment, prcvides location, description, and
preliminary settings of various controls and indicators of the Video Tape
Recording System, also preliminary adjustments and power application proce-
dures. The section is comprised of the following procedures: Controls
Preliminary Settings; and System,

4-3, The Controls Preliminary Settings procedure should be performed either
wholly or in part, depending on whether a complete system or a partial (com-
pact) system configuration is used, before any portion of the System proce-

dure i:; performed.

4-4, The Systen procedure consists of the following: Threading Tape on Video
Recorder; Application of Power to System; Camera Turn-on and Adjustment; and
Video Recorder Turn-on and Adjustment.

4-5. CONTROLS PRELIMINARY SETTINGS.
CAUTION

To prevent damage to Video Tape Recording
System, perform following procedures be-
fore applying power to the system.

4~6, See Figure 4-1 for operating controls and iadicators (also connectors
and fuges) for TV Camera, TV Monitor, Video Recorder, Video/Audioc Junction
Box, and Television Cart, See Figure 4-2 for description of controls and
indicators (also connectors and fuses).

4-7, Set following Video Tape Recording System controls to indicated
positions:

CONTROL POSITION
TV Camera
ON-OFF switch OFF
BEAM control fully ccw
TARGET control fully cew
FOCUS control centered
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UNIT  BNDEX] CONTROL/INDICATOR/] POSITION FUNCTION
NO. CONNECTOR/FUSE INDICATION
[CONTROL
TV CAMER & {1 FOCUS VARIABLE . JCUSES LENS TO PRESENT SHARP IM2GE
LENS TC VIDICON TUBE.
2 FOCAL LENGTH VARIABLE ADJUSTS FOCAL LENGTH FOR NEAR OR
FAR SUBJECTS.
3 APERTURE VARIABLE ADJUSTS APERTURE TO ALLOW SMALL OR
GREATER QUANTITIES OF LIGHT TO STRIKE
VIDICON TUBE.
V CAMERA | 4 BEAM CONTROL VARJABLE ADJUSTS CONTROL CRID VOLTAGE ON
EAR PANEL VIDICON TUBE TO L LSSEN OR INTENSIFY
VIDEO IMAGE BRIGI{ TNESS.
s TARGET CONTROL |A(FULLY CC¥) ALLOWS AUTOMATIC CONTROL OF VOLT.
AGE SUPKLIED TG VIDICON TARGET,
VARIABLE (FROM| ALLCWS MANUAL CONTROL OF VOLTAGE
FULLY CCW TO |SUPPLIED TO VIDICON TARGET.
FULLY CW)
6 FOCYS CONTROL [VARIABLE FOCUSES VIDEO IMAGE ON VIDICON TUBE.
INDICATOR
7 POWER LAMP ILLUMINATED INDICATES ON-OFF SWITZH (S SET TO'ON"
AND POWER IS APPLIE™ TO TV CAMERA
EXTINGUISHED |INDICATE ‘"ON-OFF" SWITCH 15 SET TO
0} #'° AND POWER 1S REMOVED FROM
TV CAMERA
CONNECTOR
s VIDEO JACK PROVIDES VIDEO SIGNAL QUTPUT
CONTROL
9 ON.OFF SWITCH ON APPLIE® - %CTRICAL POWER TO TV
CAMERA(POWE ¢ LAMP ILLUMINATES).
OFF QEMNOVES ELFE.CTRICAL PCWER FROM TV
CAMERA (POWERL AP EXTINGUISHES )
FUSE
10 /2 A SLO-BLO PROVIDES ELECTRICAL PROTECTION
TO TV CAMERA POWER SUPPLY.
CONNECTOR
1 VIDEO IN JACK PROVIDES VIDEO SIGNAL INPUT TO VIDEO
LEVEL METER, FROM TV CAMERA
12 VIDEO OUT JACK PROVIDES VIDEQ SIGNAL OUTPUT TO VIDEO/
AUDIO JUNCTION BOX CAM JACK.
INDICATOR
13 VIDEO LEVEL J6-3.0 vOL TS INGICATES PEAK AMPLITUDEOF TV
METER CAMERA VIDEO SIGRAL OUTPUT.
v|Fuse
VIDEO 14 5 AMP
RECORDER
REAR PANEL 15 1 AMP 5L0O-8LO

FIGURE 4-2 DESCRIPTION OF CONTROLS, IHDICATORS, COMMECTORS AND FUSES
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CONTROL/INDICATOR/

uMIT (INDEX POSITION/ 3 T
]NO. CONNFCTOR/FUSE INDICATION UNCTION
CONTROL
16 CHAN ADJ CONTROL VARIABLE (NOT NORMALLY USEDWITH YVIDEO TAPE
(USE SLOTTED RECORDING SYSTEM) ADJU3TS CARRIER
PLASTIC TOOL) FREWQUENCY OF MODULATOR OUT JACK
FOR CHANNELS 2 THORUGH S ON TV
MONITOR.
CONNECTOR
” MODULATOR OUT JACK (NOT NORMALLY USED WITH VIDEO TAPE
RECORDING SYSTEM) CONNECTS TO TV
MONITOR ANTENNA TERMINALS. PROVIDES
30 MV FOR TV MONITOR CHANNELS 2
THROUGH S.
13 VIDEO 1N JACK ACCEPTS VIDEQO SIGNALS FOR RECORDING,
FROM VIDEO/AUDIO JUNCTION BOX VIDEO
OUT JACK.
9 VIDEO OUT JACK PROVIUES RECORDED VIDEO SIGNALS FOR
PLAYBACK, TO VIDEC/AUDIO JUNCTION
BOX VIOTO iN JACK (OR TO TV MOMITOR
DURING PLAYBACK ONLY OR AUDID DUBBING)
p.)) AUDIO OUT JACK PROVIDES RECORDED AUDIO SIGNALS FOR
PLAYBACK, TO VIDEO/AUDIO JUNCTION BOX
AUDIO IN JACK
2] AUDIO iN JACK ACCEPTS AUDIO SIGNALS FOR RECORDING,
FROM VIDEO/ AUDIO JUNCTION BOX.
22 REMOTE JACK PROVIDES CONNECTION TO REMOTE JACK ON
VIDEO/AUD!IO JUNCTION BOX. IF ONLY PLAY.
BACK OR AUDIO DUBBING IS PERFORMED, A
SHORTING PLUGIS INSTALLED. IF ELECTR).
CAL PLUG OR SHORTING PLUG IS NOT IN.
STALLED, FRONTPANEL SWITCHES (PUSH
BUTTONS) W'LL NOT FUNCTION.
23 SPEAKER JACK (NOT NORMALLY USED ¥ITH VIOEO TAPE
RECORDING SYSTEM) CONNECTS TO EXTERNAL
SPEAKERS. OUTPUT IS CONTROLLED BY
AUDIO OUTPUT SELECTORSWITCH (INDEX
NO. 24)
CONTROL
b2 AUDIO OUTFUT SPKR ViDEO RECORDER INTERNAL SPEAXER ONLY,
SELECTOR SWITCH
LINE & SPXR | (NOT NORMALLY USEDWITH VIDEDO TAPE
RECORDING SYSTEM) EXTERNAL SPEAKER
WITH 600 OHM BALANCED OR UNBAL ANCED
LINE, AND INTERNAL SPEAKER.
LINE (NOT NORMALLY USED WITH VIDEO TAPE
RECORDINGSYSTEM) EXTERNAL SPEAKER
WITH 600 OMM BALANCED OR UNBAL ANCED
LINE. INTERNAL SPEAXKER!S CiSABLED.
CONNECTOR
25 AC - IN RECEP. 115 VAC %0 CYCLE INPUT POWER
TACLE RECEPACLE.

FIGURE 4-2 DESCRIPTION OF CONTROLS, INDICATORS, CONNECTORS AND FUSES (Continued)
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UNIT INDEX JCONTROL 'INDICATOR/ POSITION. FUNCTION

NO. | CONNECTOR/FLSE INDICATIOM
CONTROL
VIDEO » REWIND - STOP |REWIND VIDEO RECORDER RAPIDLY REWINDS TAPE i
RECORDER — FORWARD FROM RIGHT TO LEFT, TOWARD BEGINNING
FRONT SWITCH OF TAPE. SWITCH MUST BE SET Y0 STOP TO
PANEL HALT REWIND. (S STOP SWITCH IS NOT EF. C
FECTIVE) o
STOP HALTS REWIND OR FORWARD MODES. SWITCH
MUST BE SET TO STOP BEFORE RECORDING \
OR PLAYBACK 1S POSSIBLE. v
FORWARD RECORDER RAPIDLY MOVES TAPE FROM .
LEFT TO RIGHT, TOWARD FINISH OF TAPE.
SWITCH MUST BE SET TO STOP TO HALT
FORWARD MODE ($ STOP SWITCH ISNOT
EFFECTIVE).
27 READY-THREAO }READY ALLOWS NORMAL OPERATION OF VIDEO
RECORDER.
THREAD EXTRACTS TAPE GUIDE FROM HEAD DRUM
TO ALLOW THREADINGOF TAPE. YIDEO
RECORDER WILL NOT OPERATE.
INDICATOR
- CUUNT ER (THREE- PROVIDES COUHTER REAUING/TIME INUICA.
DIGIT) TION (SEE FIGURE 5~1 FOR TABLE) CURING
RECORDING, FLAYBACK, FORWARD AND RE.
WIND MODES, AND PROVIDES TAPE LOCATION
INDEXING OF SPECIFIC RECORDED INFORMA-
TION.
CONT ROL '
P POWER SWITCH | OFF REMOVES FOWER FROM V:CEO RECORDER
ON APPLIES POWER TO VIDEO RECORDER ,
INDICATOR .
0 P{LOT LAMP ILLUMINATED | INDICATES POWER SWITCH 1S SET TO “ON* ’

EXTINGUISHED | INDICATES POWER SWITCH IS SET TO "“OFF"* o

CONTROL

3 S STOP SWITCH PRESS 70 STOPS IDEO RECORDER FROM RECORDING
ACTIVATE ORPLAYBACK (DOES ROT STOP RECCRDER
WHEN REWIND-STOP-FORWARD SWITCH IS IN
REWIND OR FORWARD POSITIONS)

32 P PLAY SWITCH |PRESS TO INITIAYES PLAYBACK OF RECORDED VIDEO o
ACTIVATE AND ‘OR AUDIO (AUDIO AMD VIDEO LEVERS v
MUST BESETTO PLAY)

kX VIDEO LEVER RECORD (AUDIO LEVER AUTOMATICALLY GOES TO
RECORPD) ALLOWS ACTUATION OF R RECORD
SWITCH FOR INITIATION OF VIDEO OR VIDEOD '
AUDIO RECORDING { VIDEO LEVER MUST BE SET]
TO PLAY DURINGDUBBING OF AUDIO ONL YY)

PLAY (1) ALLOWS ACTUATION OF P PLAY SWITCH .
FOR AUDIO ANO ‘GR VIDEO PLAYBACK v
{AUDIO LEVER MUST BE SET TO PLAY)

(2) PREVENTS ERASING OF VIDEO INFORMA- '
TION DURING DUBBING OF AUDIO ONLY.

L

FIGURE 4-2 DESCRIPTION OF CONTROLS, INDICATORS, CONNECTORS AND FUSES (Continued) .
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unit |MoEX] coNTROL/INDICATOR/ POSITION/ FUNCTION
NO. CONNECTOR/FUSE INDICATION
u AUDIO LEVER RECORD ALLOWS ACTUATION OF R RECORD SWITCH
FOR INITIATION OF RICORDING AUDIO ONLY.
PLAY (ViDEO LEVER MUST ALSO BE SET TG PLAY)
ALLOWS ACTUATION OF P PLAY SWITCH FOR
AUDIO AND VIDEO PLAYBACK.
IMDICATOR
3 RECORD!. iMP ILLUMINATED | VIDEO RECORDER IS IN RECORD MODE (VIDEO
LEVER AND AUDIO LEVER, OR AUDIO L EVER
ONLY, ARE SET TO RECORO).
EXTINGUISHED | VIDCO RECORDER ISHOT IN RECOAD MODE.
CONTRO..
» R FECORD SWITCH | PRESS TO INITIATES RECORDING VIDEQ AND AUDIO
ACTUATE IF VIDEO LEVER IS SET TO RECORD, OR AUD D
ONLY IF AUDIO L EVER 1S SET TO RECORD.
n AUDIO OUTPUT VARIABLE ADJUSTS AUDIO OUTPUT FORINTERNAL
LEVEL CONTROL SPEAKER, EXTERNAL SPEAKER, OR
HEADPHONE.
» TRACKING CONTROL | VARIABLE ADJUSTS FOR STABLE PICTURE, DURING
PLAYBACK ONLY, OBTAINING A MAXIMUM
INDICAYION ON VIDEC METER (SWITCH IS
INOPERAYIVE DURING RECORDING).
INDICATOR
1 VIDEO METER 0 TO 100% INDICATES VIDEO LEVEL (100% ON WHIT £
PICTURES) DURING RECORDING WHEN TRACK-
ING AND RECORD L EVEL VIDEO CONTROLS
LRE PROPERLY ADJUSTED.
© AUDIO METER 0 TO 100% INDICATES 100% ON PEAK AUDIO LEVELS
WHEN RECORDLEVEL AUDID CONTRCL IS
PROPERLY ADJUSTED.
CONTRUL
a RECORD LEVEL VARIABLY ADJUSTS VIDEO LEVEL DURING RECORD-
VIDEO CONTROL IMG TO OBTA:™ 100% IXDICATION ON
VIDEO ME TER.
a2 RECORD LEVEL VARIABLE ADJUSTS AUDIO L EVEL DURING RECOPRD.
AUDIO COMNTROL ING TO GBTAIN 100% INDICATION ON
AUDIO METER
a3 AUDIO INPUT MICROPHOME | ALLOWS RECORDINGOF AUDIO DURING
SWITOH RECORDING OF VIDEO, OR AUDIO DUBAING
ON TAFE CONTAINING PREVIOUSLY RE.
CORDED VIDEO, USING MICROPHONE CON.
NECTED TO AUSIO IN JACK ON REAR PANEL.
BALARCED ALLOWS USE OF PROFERL Y TERMINATED
LINE INPUT INTO VIDEO RECORDER.
UUNBALANCED ALLOWSUSE OF IMFROPERLY YERMINATED
LIME INPUT INTO VIDEC RECORDER.
” TENSION CONTROL | VARIABLE ADJUSTS MOLDBACK TENSION, DUKING
PLAYBACK OKLY, FOR MINIMUM PULLING OF
LEFTOR RIGHT TOP OF ROSTER VIEWED
oM TV MOMITOR.
LONHECTOR
43 HEAD"HOME JACK ALLOWS MONITORING OF AUDIO INPUT INTO
VIOEO RECORDER YO CHECK FOR UNWAMTED
ACCQUITIC FEEDBACK.

FIGURE 4—2 DESCRIPTION CF CONTROLS, INDICATORS, CONNECTORS AND FUSES (Continued)
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L

it INDEX| CONTROL INDICATOR/| ~ POSITION/
u , FUNCTION
NO. | CONNECTOR FUSE INDICATION
CONTROL
Ty HONITOR | 46 M HOLD VARIABLE ADJUSTS TV PICTUREHORIZONTAL
FRONT POSITION.
PANEL o FoCUS VARIABLE FOCUSESPICTUKE TUBE ELECTRON BEAM.
] CONTRAST(OFF.ON)| OF F(FULLY REMOVES POWER FROM 7V MONITOR
cem
ON(ROTATE CW) | APPLIESPOWER TQ TV MONITOR
CONTRASY VARIES TV PICTURE CONTRAST.
(VARIABLE FROM
i FULLY cCw YO
FULLY CW)
© BRIGHT VARIABLE VARIES TV PICTURE BRIGHTNESS
% v HOLD VARIABLE ADJUSTS TV PICTURE VERTICAL POSITION.
CONNECTOR
TV MONITOR | 51 VIOEO (LEFT ACCEPTS VIDEO SIGNAL INPUT FROM
REAR OR RIGHT) VIDEO AUDIO JUNCTION BOX.
PANEL
CONTROL
52 TERMINATE ON (LEFT) APPLIES 75 OHM TERAINATION TO
VIDEJ INPUT LINE
OFF (RICHT) REMOVES 75 OHM TERMINATION FROM
VIDEO INPUT LINE.
53 SYNC EXT (NOT NORMALLY USED WITH VIDEO TAPE
RECORDING SYSTEM) ALLOWS EXTERNAL
SYNCHRONIZATION PULSES TO CONTROL
TV PRESENTATION ON TV MONITOR
INT ALLOWS TV MONITOR INTERNAL SYNCHRONI-
ZATION PULSES 7O CONTROL TV PRESENTA.
TION.
CONMECTOR
54 SYNC (NOT NORMALLY USED WITH VIDEO TAPE
RECORDING SYSTEM) ACCEPTS EXTERNAL
SYNCHRONIZATION PULSES.
s FAN (NORMALLY CONNECTED) 115 VaC 6
CYCLE POWER TO COOLING FAN,
FUSE
5 LINEFUSE 3 AMP PROVIDES ELECTRICAL PROTECTION 10
TY MCNITOR POWER SUPPLY.
CONHECTIR
VIDEO AUDIO| &7 REMOTE CONTROL ACCEPTS TONTROL SIGNALS FROM REMOTE
JUMCTION RECEPTACLE CONTROL UN'T R, S AND P SWITCHES.
BOX TOP SIGNALS ARE THEN PASSED TO VIDEO RE-
CORDER REMOTE JACK.
5 CAM JACK ACCEPTS VIDEO SIGHAL FROM
VIDEO OUT JACK ON 1Y CAMER A
VIDEO LEVEL METER BOX
VIDEQ AUDIQY 59 MiC 1 JACK ACCERTS AUDIO FROM MICROPHORE DUR.
JUNCTIONM G VIDEO AUDIO RECORDING -mMiC SELECT
BOX FRONT SWITCH MUST BE SET 7O mIC 1)

FIGURE 4-2 DESCRIPTION OF CONTROLS, INDICATORS, CONNECTORS A 4D FUSES (Continced)
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INDEX | CONTROL/INDICATOR/ POSITION/ _]
uNIT NO. CONMECTOR/FUSE INDICATION FUNCTION i
80 WIC 2 JACK ACCEPTS AUNIO FROM MICROPHONE DURING
VIDEO ' AUDIO RECORDING (MIC SELECT
SWITCHM 1USY BE SET TO MIC 2)
41 HEADSET JACKS$ (2) ACCEPTS AUDIO FROM MICXOPHONE (N HEAD-
SET DURING VIDFO/ AUDIO RECORDING
(MIC SELECT SWITCH MUST BE ST TO HEAD-
SET).
62 MONITOR JACK PROVIDES VIDEO SIGN AL FROA TV CAMERA
DR VIDEO PECORDEN TO ¥V MONITOR (OUT-
PUT DEPENDS ON SETTING OF VIDEO SV TCM.
SEE INDEX NU. 83).
COK_20L
63 VIDEO SWITCH HON DURING TV CAMERA ADJUSTMENT, PASSES
VIDEO SIGNAL FROM CAMERA TO TV
MONITOR OMLY.
: MON & YTR | (1) DURING RECORDING OF YIDED, PASSES
VIDEO SIGNAL FROM TV CAMERA TO TV
MONITOR AIiD YIDEO RECORDER.
(2} DURING Pi AYBACK OF RECORDED VIDEO,
PAYES VIDEG SIGNAL FROM VIDEQ
RECORDER TO TV MONITOR.
64 MIC SELECT SWITCH| &IC Y SELECTS MIC 1 JACK FOR AUDIO INPUT TO
VIDEO RECORDER.
MIC 2 SELECTS MIC 2 JACK FOR AUDIO IRPUT TO
VIDEO RECORDEF.
HEACSET SELECTS HEADSET JACKS FOR AUDIC INPUT
TO ViDEO RECORDER.
CONNECTOR.
VIDEOQ 'AUDIO] 65 ALIDIO OUT JACK PROVIDES AUDIO QUTPUT SIGHALS FROM
JUNC TION MICROPHONES Ok HEADSET T O AUDIO IN
BOX BOTYGM JLCK ON VIDEO RE CORDER.
mn AUDIO IN JACK ACCEPTS AUDIO OUTPUT SIGNAL FRGM VIDEG
RECORDER ANDPASSES SIGNAL TO MEAD-
SET EARPHOM - S.
67 REMOTEQUY JACK PROVIDES CONTROL SiGNALS FROM REMOTE
CONTROL UNIT R 5. ANDP SWITCHES YO
REMOTE JACK GN YIDEN RECORCER.
48 YIDEG OUT JACK PROVIDES VIDFD SiGNALS FROM TY CAMERA
TO YIDEO RECORDER YIDEC IN JACK.
49 YIOEG In JACK ACCEPTS RECOROEN w.2 /.0 “.GaLy ~OR
PLAYBACK FROM VIDP - BE_QRLER. T3
TV SHONITOR
TELEVISON s 1S vaC 60 CYCL = PROVIDE COQRECTECPCYWEROUTPUT YO
CART REAMR POWER EXTRA TV MONITOR POWERDISTRIBU T.ON
RECEPTACLE (&) B8O0X AND VIDEQ RECORDER
b (1S VAT 52 OYCLE PROVIDES POWER CONNLCTION OF 5 3TEM
POWER INZ( 1 TO EXTERNAL POWER SQURCE
REZEPY "1 T
!HDK\:ATQE_
Yy CaART 2 YOLTS mETER 13 YOL TS PINDICATES POWER ST AY Cus TRE,. VEE i
RIGHT VARIABLE | INDEX NG "3 3 CORRECTY . > 271 7:0MED
SIDE i-; (sove| FOR 115 vAC &2 IYC_E ParTE Nt 1
FIGURE 4-2 DESCRIPTION OF ZONTROLS, INDICATCRS, CONNECTORS ANRD FUS cetinged)
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INDEX | CONTROL INDICATOR |  POSITION
UNIT NO. | COMNECTOR Fuse | INDICATION FUNCTION
| CONTROL
73 POWER STAT VARIABLE ADJUSTS INPUT 115 VAC 60 CYCLEPOWER TO
CONROL CORRECT FOR FLUCTUATION. CORRECTED
OUTPUT IS INDICATED ON VOL TS METFR AND
APPLIED TO 115 VAC 60 CYCL E POWER P&
CEPTACLES (4) ON TELEVISION CART.
REMOTE 74 R SWITCH PRESS TO INITIAT ES RECORDING VIDED AND AUDIO IF
CONTROL ACTUATE VIDEO RECORDER VIDEO LEVER IS S ET TO
uNIT RECORD, OR AUDIO ONLY IF RECORDER AUDIO
FRONT LEVER IS SET TO RECORD,
7 5 SWITCH PRESS TO STOPS VIDEO RECORDER FROM RECORDING
ACTUATE OR PLAYBACK (DOES NOT STOP RECORDER
WHEN RECORDER REWIND~STOP-FORWARD
SWITCH 1S IN REWIND OR FORWARD POSITION)
7 P SITCH PRESS TO INITIATES PLAYBACK OF RECORDED VIDEN
ACTUATE AND ‘OR AUDIO (VIDEO RECORDER AUDIO AND
VIDEO LEVERS MUST BE SET TO PLAY),
INDICATOR
7 R LAKP (RED) ILLUMINATED | INDICATES R SWITCH IS ACTUATED AND VIDEO
RECORDER i$ RECORDING.
EXTINGUISHED| INDICATES R SWITUH ISNOT ACTUATED OR
VIDEO RECORDER IS NOT RECGRDING.
] P LAMP (WHITE; | 'LLUMINATED | INDICATSS P SWITCH IS ACTUATED AND
VIDEO RECORDER IS IN PLAYBACK MCDE.
EXTINGUISHED | INDICATES P SWITCH IS NOT ACTUAT ED OR
VIDEO RECORDERIS NOT IN PLAYBACK NODE.
CONNECTOR
REMOTE ) ELECTRICAL PROVIDES REMOTE CONTROL SIGNALS TO
CONTROL RECEPTACLE YIDEO ‘AUDIO JUNCTION BOX, WHICH ROUTES
UNIT TOP SIGNALS TO VIDEO RECORDER.
ILUMINA | g0 118 VAC 80 CYCLE PROVIDE POWER OUTPUT TO ILLUMINATION
TION POWER PGWER 1 AMP(S)
DISTRIBU- RECEPTACLES (4)
TION BOX
8 115 VAC 60 CYCLE PROVIDES POWER CONMECTION TO 115 YAC
POVER INPUT 60 CYCLE POWER SOURCE.
CABLE AND PLUG
SYSTEM 82 115 VAC 60 CYCLE PROVIDE POWEROUTPUT TO TV
POWER DIs. POWER MONITOR AND TV CAMERA
TRIBUTION RECEPTACLES (4)
80X
23 118 VAC 60 CYCLE PROVIDES POWER CONNECTION TO
POWER INPUT TELEVISION CART.
CABLE AND PLUG

126
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CONTROL

———————

Video Recorder

{Rear Panel)

Audio Output Selector

switch

(Front Panel)

REWIND-STOP-FORWARD
switch

READY-THRZAU switch

POWER :witch

VIDEO levor

AUDIO lever

AUDIO OUTPUT LEVEL control

TRACKING control

RECJRD LEVEL VIDEO control

RECURD LEVEL AUDIO control

AUDIO INPUT switch

TENSION control

TV Monitor

(Front Panel)

CONTRAST (OFF-ON) control

BRIGHT control

POSITION

STOP

READY

OFF

PLAY

PLAY

fully cew

fully ccw

fuliy ccw

fully cecw

MICROPHONE

(Do not adjust) Adjust

during playoack only

OFF (fully ccw)

fully cew

e




CONTROL POSITIGN
TV Monitor (Continued)
(Rear Pamnel)

TERMINATE sw:.=ch OFF (if not last in series of
monitors)

ON (if only monitor, or last
in a gseries of monitors)

SYNC switch INT
Video/Audio Junction Box
VIDEO switch MON
MIC SELECT switch HEADSET
Television Cart
POWERSTAT control fully cew (0}
SYSTEM.
THREADING TAPE ON VIDEQO RECORDER.
See Figure 4-3.
NOTE

Tape width in one inch and length i¢

3000 feet. The tape is normally supplied
on a 2-3/4 inzl. dia_2ter supply reel (left
position on Video Recorder) with the oxide
3ide facing in. During operation the tape
is wourd o~ & taka-up reel (vignt position
on Video Recorder) with the oxide side
facing out. Before threading tape on
Video Recorder, ensure recorder heads are
demagnecized e Faragraph /-4, Heads
Demagnetizing. Ensure recorder heads

and guldes are clean per Paragraph 7-5,
Heads and Guides Cl-aning. The demag-
netizing and cleaning procedures should

be repeated for every eight hours of

Video Recorder operatiorn.
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C.

d.

h.

Set Video Recorder READY-THREAD switch to THREAD (switch 1s normally
tight through first few degrees of rotation.)

RESULT: Guide arms (9) and (1) extract from beneath head
drum cover.

Iustall supply reel (1) on left wheel hub, such vLnat tape will unwind
in a counterclockwise direction. Install empty take-up reel (7) on
right wheel hub. Ensure both reels are firmly seated (rotate reels
until reels drop into guides).

Manually unwind three or four feet of viden tape (2} from supply
reel (1).

CAUTION

To prevent damage to Video Recorder,
engure retainer tape (orange) is not
adhered to video tape.

Place video tape (2) outside of tension mechanism roller (3), following
white guide line, then on inside of tape guide roller (4).

Pull tape around lower outside of capstan (5), on outsgide of tape
guide (8), on ingide of guide arm (9), then on lower right side of
head drum (11).

CAUTION

To prevent teariug videc tape during

operation, encure tape is not cver set

screw (10) on rear of head drum (11)

during following step.
Wrap tape counterclockwise around head drum (11). Place tape on inside
of guide arm (12) and guide tape around upper portion of capstan (5).
There should now be two heights of tape on the capstan.

Lay tape flat against upper portion nf take-up reel (7) and manually
rotate wheel clockwise two revolutions untll tape is taut.

Manually rotate supply reel (1) until tape is taut.
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NESemNGpaAwN -

SUPPLY REEL (LEFT)

VIDEO TAPE

TENSION MECHANISM ROLLER
TAPE GUIDE ROLLER
CAPSTAN

TAPE GUIDE

TAKE-UP REZL (RIGHT)
TAPE GUIDE

GUIDE ARM

. SET SCREW

HEAD DRUM
GUIDE ARM

FIGURE 4-3 THREADING TAPE ON VIDEO RECORDER
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4-10,

8.

’*-‘-111

APPLICATION OF POWER TO SYSTEM.
CAUTICY

To prevent damage to Video Tape Recording
System, ensure all switches and controls
are positioned as given in Paragraph 4-5,
Controls Preliminary Settings. Ensure
system is properly assembled and variocus
cables are correctly attached as given in
Section III, Unpacking and Preparation.
Before connecting Television Cart elec-
trical cable W5 or Wo to external 115 vac
60 cycle power source, use voltmeter to
check that voltage is correct. Do not
connect to source if voltage is incorrect.

Connect plug P2 of electrical cable W5 or W6 to 115 var 60 cycle power
source.

NOTE

Readjust POWERSTAT control as given iv
following step each time a unit of the
Video Tape Recording System is turned onm,

Adjust POWERSTAT control on right side of Television Cart until VOLTS
meter indicetes 115 vac.

CAMERA TURN-ON AND ADJUSTMENT.
NOYE

Do not perform Camera Turn-On and
Adjustment if Video Tape Recording
System is to be used for playback or
audio dubbing only.

fnsure TV camera is properly aligned per Section I, Reference Publica-
tiona, pablication a.

Arrange illumination of maintenance task area to be televised. Refer
to Faragraph 3-10, Illumination. Apply power to illumination lamps.

CAUTION

To prevent damage to vidicon tube in TV
Camera upon application oi vower, ensure
camera ON-OFF switch is set t¢ OFF and
BEAM control is fully ccw. To avoid possi-
bl2 damage to circuitry in TV Camera due
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to accidental grounding, do not disconnect
video cable coanected to VIDEO jack ca
camera vhile power is applied to camera.
To prevent damage to TV Camera vidicon
tube caused by residue in tube, do not
tilt camera, lens down, at an angle ex-
ceeding 45 degrees. Do not point TV
Camera at sun or suniight reflections
(glare) at any time with lens cap removed.

Remove lens cap from camera lens on TV Camera. Point camera at test
plttem.

Set TV Camera ON-OFF switch to ON, and perform steps e through g during
10-minute camera warm-up period.

Set TV Monitor CONTRAST control cw just enough to zpply powar to
monitor,

Adjust TV Monitcr BRIGHT control uatil raster is just visible.
Adjust TV Monitor CONTRAST control clockwise tc centev position.

After 10-minute warm-up period, adjust TV Camera TARGET control clock-
vize to center position.

NOTE

Adjust camera lens focus, focal length
and aperture controls durins next step
to acquire proper image on TV Camera
vidicon tube.

CAUTION
To prevent damoge to TV Ciaera vidicon
tube, do not adjust camera HEAM control
past point where retrace (bl.ack) lincs
on TV Monitor are visible.

Slowly adjust TV Camera BEAM control :lockwise until image sppears or
TV Monitor.

(See Fi{gure 4-4) Further adjust TV Cimera BEAM control until complete
image i8 viaible (advancing BEAM control past this point will cause
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DETAIL A
NORMAL PICTURE

DETAIL B
FAULT: DISTORTION AND LOSS OF FCCus (VIODEC LEVZL MEI ER INDICATESOVER 100%)
REMEDY: READJUSY TARGET AND BEAM CONTRCLS 70 LOWER (CCW) POSITION

FIGURE 4-4 .. "ERAPRESENTATIONS - FAULTS AND REMEDIES




DETAIL C
FAULT: NEGATIVE PCTURE

REMEDY: READJUST TARAET CONTROL TO LOWER (CCW) POSITION

DETAIL D
FAULT: PICTUPEQUT OF FOCUS

REMEDY: READJUST FOCUS CONTRUL

FIGURE 4-4 TY CAMERA PRESENTATIONS - FAULTS AND REMEDIES




“'12.

loss of focus and distortion of TV Monitor picture, also probable
damage to TV Camera vidicom tube).

RESULT: (Correct) Clear, sharp image appears oo TV Monitor.

(Incorrect) BExcessive video is preseat or picture
quality is unscceptable, wii . BEAM control
advanced to 90X of full range: adjust
TARGIT control to s lower position and

repeat steps 1 and j.

AMdjust camars lens sperture (f/mumber), TARCET and BEAM contrcls until
picture highlights are visible on TV Monitor, and TV Camera VIDEO LKVEL
meter {ndicates full scele (100X) deflection.

If TARCET control is saet to A (auto)
positicn, readjustment of camera lens
aperture may be necsssary.

Adjust camers lens focus and TV Camera YOCUS control for optimm resolu-
tion on TV Monitor.

Mjust TV Monitor CONTRAST anl BRIGHT countrols to further increase
picture quality.

VIDEO RECORDER TURN-ON AND ADJUSTMENT.
NOTE

Video Recordex heads and guides shruld
be cleaned after every 2ight hours of
use. Refer to Paragraph 7-5, Heads and
Guides Clzanirg. The Video R=corder
beads should be dumagnetized after
every eight hours of uge. Refer to
Paragraph /-4, Heads Lemagnetiaiing.

Set Vidso Recordex FOWER switch to ON.
RESULT: (1) Pilot lamp (o right of S STOP switch) 1lluminates.
(2) Lead dras begiae o rotate.
(3) (Correct) Clicking noise (norwal) may occur

several times, ther cesases when head drum reaches

synchronous speed.
(Incorrect) HRead drum does not appear to reach
gynchrooous speed: set Video Recorder POVER switch
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to OFF and manually adjust bnth reels to allow a
small slack in tape. Repeat step a.

b, Set Videv Recorder READY-THREAD switch to READY (switch is normsally

tight.)

RESULT: Switch clicks into position.
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SECTION V

OPERATION

5-1. GENERAL.

5-2. Section V, Operation, provides all procedures required to operate the

Vide. Tape Recording System. The procedures consist of the following para-

graphs: Recorling Video Only, or Video and Audio (Video Recorder); Playback
Only; Simultaceous Recording (Video Recorder and Auxiliary Audio Recorder);

and Dubbing Aud!o on Video Tape.

5-3. The Recording Video Only, or Video and Audio (Video Recorder) procedure
provides instructions for accomplishing the primary task of recording a scene
on video tape, with or without audio, using the Video Tape Recording System.
?layback of the reccrded scenes may be accomplished without changing the
system configuration. (Refer to Paragraph 5-4 for description of playback
with the syscem in a compact configuration. Refer to Paragraph 5-6 for des-
cription of microghone dubbing.)

5=4, The Playback Only procedure details the assembly and operation of the
Video Tape Recording System in a compact configuration for playback of
recorded video and avdio. Generally, playback often occurs in a limited area
such as an office or other restricted viewing area, necessitating the compact
system configuration.

5-5. The Simultaneous Recording (Video Recordez and Auxiliary Audio Recorder)
procedure provides instruction for simultaneously recording on the Video Re-
corder and the Auxiliary Audio Recorder. The Auxiliary Audio Recorder re-
places the microphone during videc recording to record audio descriptions of
maintenance tasks nccuring in areas where a iong microphone cable would be
cumbersome. Whea recording ends, the Auxiliary Audio Recorder audio is
dubbed onto the Video Recorder tape (refer to the following paragraph).

5-6. The Dubbing Audio on Video Tuape procedure provides details on trans-
ferring audio onto video tape containing previously recorded video. Eitaer
a microplone or the Auxiliary Audio Recorder may be used to provide the
audio. The Viden Tape Recording System is assembled irn a compact configura-
tion to facilitate use in limited areas.

5-7. See Figure 5-1 for a table listing Counter Readings/Total Time. The
table uses the Video Recorder counter to derive the operating time of the
Video Tape Recording System during recording, playback, fast forward, and
rewinding. The counter may also be used to denote certain recorded scenes
on the video tape for playback or stillframing at & later time.
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COUNTER READINGS TOTAL
RECORD/PLAYBACK FAST FORWARD REWIND (Il:i::l’!!ﬁ

23 9 153 1

L) 139 34 2

[ 208 o 3

" n 9704+ 4
10 47 S
3 M6 ¢
15 -5 Ty
m 553 s
13 621 ’
210 48 10
L4 73 n
20 823 12
246 890 12
285 57 14
-3 970 13
20 113
31 7
ass ]
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406 a
422 n
438 23
45 4
470 3
484 %
S02 7
s r:
32 29
547 30
562 3
7 2
%2 3
606 k7
621 k1)
633 %
(2,4 7
663 3

FIGURE 5-1 TABLE OF COUNTER READINGS AND TOTAL TIME
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RECORDING/PLAYBACK.

RECORDING VIDEO ONLY, OR VIDEO AND AUDIO (VIDEO RECORDER).
NOTE

Following procedure uses Video Tape
Recording System to record scenes, either
video or video and audio, on Video Recorder.

Check availability of Video Tape Recording System components. Refer to
Parag=aph 3-4, Parts Inventory.

Prep2re Video Tape Recording System for recording and playback. Refer
to Paragraph 3-7, Preparation for Recording and Playback.

Perform preliminary adjustments and apply power to Video Tape Recording
System. Refer to Section IV, Turn-on and Adjustment.

Set Video Recorder AUDIO OUTPUT LEVEL control fully ccw.
Set Video/Audio Junction Rox VIDEO switch to MON and VTR.

Set Video Recorder VIDEO lever to RECORD (AUDIO lever moves automat-
ically to RECORD),

Adjust Video Recorder RECORD LEVEL VIDEO control until VIDEO meter
indicatus 100% (peak). Do not allow meter to indicate over 100%.

If audio is to be recorded with video, perform steps i through k. If
audio is not to be recorded, proceed to step 1.

Set Video Recorder AUDIO INPUT switch to MICROPHONE.

Set Video/Audio Junction Box MIC SELECT switch to one of following
positions, depending on choice of audio input: MIC 1; MIC 2; or
HFADSET.

NGTE

Headphones (16 ohms or higher impedance)
may be used during following step to
monitor audio input for presence of
accougtic feedback. If headphones are
used, set Audio Output Selector switch
on Video Recorder rear panel to LINE
(disabling speaker) and connect
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headphones to front panel HEADPHONES
jacks. Adjust AUDIO OUTPUT LEVEL
control during next step for acceptable
audio level.

Simulate expected distance between microphone or headset and speaking
person. Set switch on headset (if used) to on position. Speak in
normal manner and adjust Video Recorder RECORD LEVEL Audic control
until AUDIO meter peaks at 100Z.

To begin recording, press Video Recorder R RECORD switch, or (if
connected) Remote Control Unit R switch.

RESULT: (1) Video Recorder RECORD lamp (to right of R RECORD
switch) illuminatee.

(2) Remote Control Unit (i1f connected) R lamp illumi-
nates,

(3) vVideo Recorder counter rctates.
(4) Video Recorder records video or video/audio.

Refer to Figure 5-1, Table of Counter Readings/Time, for listing of
counter readings and corresponding recording time of system.

To stop recording, press Video Recorder S STOP switch, or (if connected)
Remote Control Unit S switch.

RESULT: (1) Video Recorder RECORD lamp extinguishes.

(2) Remote Control Unit (i1f connected) R lamp
extinguishes.

(3) Video Recorder counter stops rotating.
(4) Vvideo Recorder stops recording.

To rewind, play back, wind forward (fast forward), or stillframe video
tape, perform procedures given in Paragraph 5-23, Video Recorder Modes.

Perform one of following steps:

1. 1If Video Tape Recording System is to be moved to a new area for
further recording, perform Paragraph 6-3, Short Period Shut-
down.

2, 1f Video Tape Recording System is to be used for playback only,
perform Paragraph 6-3, Short Period Shut-down, then Paragraph
5-10, Playback Only.
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5-10.

d.

e.

5-11.

5-12.

3. If no further use of Video Tape Recording System is x-=quired,
perform Paragraph 6-4, Shut-down For Storage.

4. If audio dubding (microphone only) is to be applied to video
tape, perform Paragraph 6-3, Short Period Shut-down, then
Paragraph 5-19, Dubbing Audio On Video Tape.

PLAYBACK ONLY.
NOTE

Following procedure uses Video Tape Re-~
cording System in a playback cnly con-
figuration. Recording of video or audio
is not possible.

Check availability of Video Tapc Recording System components. Refer to
Paragraph 3-4, Parts Inventory.

Prepare Video Tape Recording System for playback only. Refer to Para-
graph 3-15, Preparation For Playback or Audio Dubbing Only.

Perform preliminary adjustments and apply power to Video Tape Recording
System. Refer to Section IV, Turn-on and Adjustment (do not perform
Paragraph 4-11, Camera Turn-on and Adjustment).

To play back recorded video, or video and audio, perform Paragraph 5-25,
Playback.

If no further use of Video Tape Recording System is required, perform
Paragraph 6-4, Shut-down For Storage.

SIMULTANEOUS RECORDING (VIDEO RECORDER AND AUXILIARY AUDIO RECORDER).
NOTE

The following procedures are to be used
for simultaneously recording video on the
Video Recorder and audio on the Auxiliary
Audio Recorder. The procedures conaist of
preparing the Auxiliary Audio Recorder and
performing simultaneous recording using
both reccrders. Also included are pro-
cedures covering depleted tape, stopping
recording, and rewinding tape on the
Auxiliary Audio Recorder.

Preparation.

Check availability of Video Tape Recording System components. Refer
to Paragraph 13-4, Parts Inventory.
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Prepare Video Tape Recording System for recording. Refer to Paragraph
3-7, Preparation for Recording and Playback.

Perform preliminary adjustments and apply powsr to Video Tape Recording
System. Refer to Section IV, Turn-on and Adjustment.

(See Figure 5-2.) Momentarily press Forward switch (13) on Auxiliary
Audio Recorder and observe REC. BATT. indicatoi (23). If indicator is
in red region, battery must be immediately recharged. Refer to Para-
graph 5-18, Recharging Battery.

Press Stop switch (14) on Auxiliacy Audio Recorder.

Pregs CASSETTE UP lever (22) on Auxiliary Audic Recorder (l). openinrg
compartment 1id (8).

Place tape cassette (2) into compartment (10) &nd press cassette until
cassette snaps into place. Carefully close lid (8).

NOTE

AUX jack (18) is no: used with Video
Jape Recording System.

(See Detail A, Figure 5-2) Grasp microphone (4) and inser: wicrophone
plug (7) into MIC (16) and REMOTE (17) jacks on recorder (1}.

Set microphone ON-OFF switch (5) to OFF

Simultaneously press Auxiliary Audio Recorder REC (11) and Forward (13)
svitches, locking switches into pluce. Auxiliary Audic Recorder is
now ready for recording.

Before simultaneous recording begins enter s few minutes of normal
audio on Auxiliary Audio Recorder tape to provide for later audio level
adjustment, as foilows: set microphone ON-OFF switch (5) to ON; hold
microphoue seven inches from mouth and say "testing, testing, one, two,
three," several times into microphone grill (6); set microphone ON-OFF
svitch to OFF; Press Stop switch (14).

Recording. See Figure 5-2.

Ensure Auxiliary Audio Recorder microphone ON-OFF switch (5) is set to
0"‘

Initiate normal video and audio recording using Video Recorder. Refer

to steps d through m, Paragraph 5-9, Recording Video Cnly, or Video and
Audio. Video Recorder should now be rucording video and audio.
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115 VAC 1

60 - E" DETAIL A
POWER T RECHARGING
SOURCE AND MICROPHONE
' CONMECTIONS MICROPHONE
1
AC117 V MIC
INPUT REMOTE
NOTE
AUXILIARY ' CABLE USED OMLY FOR RECHARGING
AUDIO RECORDER BATTERY IN AUXILIARY AUDIO RECOROER
WHEM USED WITH VIDEO TAPE RECORDIMG
SYSTEM

FIGURE 5-2 AUXILIARY AUDIO RECORDER
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INDE X

AUXILIARY AUDIO RECORDER (SONY-NATIC TC-100)
TAPE CASSETTE

TAPE REMAINING WiNDOW

MICROPHONE, AUXILIARY AUDIO RECORDER
(ON_-OFF) REMOTE CONTROL SWITCH
MICROPHONE GRILL

MICROPHONE PLUG

COMPARTMENT LID

AC 117 v INPUT

COMPARTMENT

(REC) RECORD SWITCH

(»») FAST FORWARD sW!TCH

(») FORWARD SWITCH

(=) STOP SWITCH

(ee) REWIND SWITCH

(MIC) MICROPHONE MPUT JACK

- (REMOTE) REMOTE CONTROL JACK
+ (AUX) AUXILIARY IMPUT JACK
- (MONITOR) MONITOR JACK

(VOL) YOLUME CONTROL

(TONE) TONE CONTROL

(CASSETTE UP) CASSETTE EJECTOR LEVER
(REC BATT) RECORD/BATTERY INDICATOR

FIGJRE 5-2 AUXILIARY AUDIO RECORDER
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Simultaneously press Auxiliary Audio Recoxder REC (11), and Forward (13)
switches, locking switches into place. Auxiliary Audio Recorder is now
ready for recording.

NOTE

To conserve tape on Auxiliary Audio Recorder,
do not initiate recording until specific
maintenance task to be recorded is about to
take place. Previ-us recordings on tape will
be automatically erased during subsequen:
recording. Observe tape remsining window (3)
on tape cassette (2) during recording to
prevent sudden interruptions due to tape
depletion.

Set Auxiliary Audio Recorder microphone ON-OFF switch {5) to ON.
RESULT: Auxiliary Andio Recorder begins to operate,
NOTE

Use progressive cueing ("mark 1 - mark 2 -
mark 3 - ete.") at each start of Auxiliary
Audio Recorder. Say "termination 1 -~ termi-
nation 2 - termination 3 - etc.," at each
turn-off of Auxiliary Audic Recorder.

Before applying audio to Auxiliary Audio Recorder, provide audio cueing
to both recorders by saying "mark (number)" ‘nto microphones of both
recorders (hold Auxiliary Audfo Recorder microphone geven inches from
mouth, leaving small square in-back of microphone uncovered). Record-
ing of normal audio may now begisa.

If tape on Auxiliary Audio Recorder beccmes depleted, proceed to Para-
graph 5-16, Depleted Tape Replacement.

NCTE

During simultaneous reccrding, it may be
necessary to turn off Auxiliary Audiv Re-
corder to conserve tape. However, Video
Recorder may be allowed to continue re-
cording video. I{ both recorders are to
be turned off, do so simultaneously.

(o not turn off “ideo Recorder, leaving
Auxiliary Audio Recorder operating, or
cueing procedure will be diarupted.)
Refer to following step:

To atop recording with Auxiliary Audio Recorder, or with botht recorders,
proceed to Paragraph 5-14, Stop Recording.
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5-14.

5~15.
5-16.

Stop Recording. See Figure 5-2.
NOTR

To stop Auxiliary Audfio Recorder, perform
step a- To stop Auxiliaiy Audio Recorder
and Video Recorder simultaneously, perform
steps a and b simultaneously.

To stop Auxiliary Audio Recorder, say "terminstion (vumber)" into both
microptcones and set Auxiliary Audio Recorder microphone ON-GFF switch
(5) to OFF. Proceed to step c.

To stop Video Recorder, press S STOP switch, or (1f connected) kemote
Control Uait S switch. Proceed to step c.

Perform one of following steps Lif recording is to be resumed (1if not,
proceed to step d):

1. If only Auxiliary Audio Recorder was stopped, resume racording
by repesting steps d through g, Paragraph 5-13, Recording.

2. If both recorders were stopped, resume recording by repesting
Paragraph 5-13, Recording.

1f all recording is ended, perform Paragraph 5-17, Rewinding Tape, them
transfer Auxilisry Audio Recorder audio onto Video Recorder tape (msy
be done at lster time) per Paragraph 5-19, Dubbing Audio on Video Tape.

Auxilisry Audic Recorder Modas.
Depleted Tape Replacement. (See Figure 5-2)

1f tape tecomro depleted during recording, say "termination (uvumber)”
into both anicrophones. Set Auxiliary Audio Recorder microphone ON-OFY
svitch (5) to OFF (allow Video Recordit to continue recording).

Prevs S:iop switch (14) on Auziliary Audio Recorder.

Prese Cessett Up switch (22), sliding switch to left of ariow points
until cowpertment 1i{d (8) opens.

1f only one side of taspe is depleted, flip tape cassette (2) over aed
resume recording. Refer to oteps ¢ through g, Paragraph 513,
Recording.

If both sides of tupe are depleted, rewinding is not necessary. Re-

place depleted casaette (2) with unused cassette and resume recording.
Refer to steps c through g, Peragraph 5-13, Recording.
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5-17.

5-18.

Rewindiug Tape. (See Figure 5-2)
Set microphone ON-OFF switca (5) to OFF,

Press Auxiliary Audio Recorder Stop switch (14) and perform one of
following steps:

1. If both sides of tape are depleted, rewinding is not necessacy.
Press CASETTE UP switch (22), sliding switch to left of arrow
points until compartment 1id (10) cpens. Flip tape cassette (2)
over and carefully close 11d. Tape is nov ready for playback or
audio dubbing.

2. 1If one side of tape is partially depleted and other side 1s
unused, rewind tape by pressing Rewind switch (1%). When tape
is rewound, press Stop switch (14). Tape s nos ready for play-
back or audio dubbing.

3. 1If one side of tape is depleted, but other side (side in use) {s
only partially depleted, press Fast Forward switch (12). When
tape runs out, press Stop switch (14). Press CASETTE UP switch
(22), sliding switch to left of arrow points until compartment
1id (10) opens. Flip tape cassette (2) over and carefully
close 11d. Tape is now ready for playback or audio dubbing.

Recharging Battery. See Figure 5-2.
NOTE

If Auxiliary Audio Recorder REC. BATT.

indicator (23) {s in red region during

playback, battery must be recharged per
following procedure.

See Figure t-2, Detail A. Connect power cable to AC 117V INPUT jack
on Auxiliary Audio Recorder and to 115 vac 60 cycle power source
(charging begins when cable is connected).

Recharge battery for 21 hours. Do not overcharge. When recharged,
battery will operate tecorder for 10 hours of continuous operation.

When battery i{s recharged, disconnec: power cable. Press Forward

svitch (13) and observe REC. BATT. indicator (23). 1If indicator sttll
indicates in red regiovn, replace (BF-9) battery.
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5-19.

}20.

DUBBING AUDIO ON VIDEO TAPR.

Preparation.
| 144 4

Pollowing procedure prepares Video Tape
Recording System for dubbing andio on
video tape containing previously recorded
viden (any audio that exists on the video
tape will be asutomstically erased during
dubbing). Either s microphone or the
Auxilia-y Audio Recorder may be used for
dubbing. If Auxiliary Andio Recorder is
used, Paragraph 511, Simultanecus Re-
cording (Video Recorder and Auxilisry
Audio Recorder), must be performed first.

Check availabiliry of Video Tape Recording System cowponents. Refer
to Paragraph &3, Parts Iaoventory.

Prepare Video Tape Recording System for audio dubbing. Refer to Pare-
graph 3-15, Preparation For Playback or Audio Dubbing Only.

Perform preliminary adjustments and apply power to Video Tape Recording
System. Refer to Section IV, Turn-on and Adjustment (do not perform
Parsgraph 4-11, Camera Turn-on and Adjustment).
Set Video Recorder RECORD LEVEL AUDIO gnd VIDEDO controls fully ccw.
CAUTION

To svoid erasing existiag video oa tape,

Video Recorder VIDED lever must be set

to PLAY.
Apply power to TV monitor.

If microphone is to be used for dubbing, proceed to Paragraph 5-21,
Microphone Dubbing.

If Auxiliary Audio Recorder is to be ugsed for dubbing, proceed to
Faragraph 5-22, Auxilfary Audio Recorder Dublking.

Hicrophone Dubbing.

Perform Paragraph 5-20, Preparatioca.

Set Video Recorder AUDIO INZUT switch to MICROPMONE.
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€.

Simulate expected distance between microphone and speakinz person.
Speak in normal manner and adjust Video Recorder RECORD LEVEL AUDIO
control until AUDIO LEVEL meter peaks at 100Z.

NOTE

To avold erasing existing video on video
tape, Video Recorder VIDEO lever must be
set to PLAY.

Set Viden Recorder VIDEO lever to PLAY.
Set Video Recorder AUDIO lever to RECORD.
Initiate playback by pressing Video Recorder P Play switch.

RESULT: Video Recorder plays back video on TV monitor
(adjust controls cn monitor for acceptable picture).

(See Figure 5-3) Slowly adjust Video Recorder TRACKING control from
fully ccw position until VIDEO meter indication is maximum and TV
raster is unbroken and free from streaking.

(See Figure 5-3) Adjust Video Recorder TENSION cuntrol until top of
plcture, viewed on TV monitor, is straight (not bent leit nor right).

Begin audio dubbing, when desired, by speaking into microphone.
Perform one of following steps:

1. To skip areas of video tape during audio dubbing, perform
Paragraph 5-26, Fast Fotward.
2. To stor audio dubbing, press Viceo Recorder S STCP switch.
PESULT: Video Recorder stops playback.
3. To reuind video tape, perform Paragraph 5-24, Rewinding Tape.
4. To play back video tape, perform Paragraph 5-25, Playback.

If no further use of the Video Tape Recording System is required,
perform Paragraph 6-4, Shut-down For Storage.

Auxilisry Audio Recorder Pubbing.

Perform Paragraph 5-20, Preparation.
NOTE

Do not actuate Video Recorder until in-
structions specify actuation. Do not over-
run first audic cue - "mark 1" - on
Auxiliary Audio Recorder.

Set Video Recorder AUDIO INPUT switch to BALANCED OR UNBALANCED.
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DETAIL A

FAULT: PICTURE BROKEN AND MARRED BY STREAKING
REMEDY: READJUST VIDEO RECORDER TRACKING CONTROL

DETAIL B
FAULT: PICTURE BENTLEFT OR RIGHT
REMEDY: READJUST VIDEQO RECORDER TENSION CONTROL

FIGURE 5-3 — VIDEO RECORDER PRESENTATIONS -- FAULTS AND REMEDIES
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1.

Press Auxiliary Audio Recorder CASEITE UP lever, opening compartment
11d. Place tape casette containing previously recorded audio into
compartment and press casette until casette snaps into place. Care-
fully close 1id.

Press Forward switch on Auxiliary Audio Recorder and adjust VOL and
TOME controls for normal listening level.

Adjust Video Recorder RECORD LEVEL AUDIO control to cliain 100X peak
indication on AUDIO meter.

Press Stop switch on Auxiliary Audio Recorder a considerable time
before first audio cue - "mark 1" - 1g heard.

NOTE
To svoid erasing existing video and audio
on video tape, Video Recorde:r VIDED and
AUDIO levers must be set to PLAY
Set Video Recorder VIDREO snd AUDIO levers to PLAY.
NOTE

Do not overrun first audio cue - "mark 1" -
on Video Recorder during following steps.

To begin setup of Video Recorder, press P PLAY switch.

RESULT: Video Recorder plays back video on TV monitor (edjust
controls on monitor for acceptable picture).

(See Figure 5-3) Slowly adjust Video Recorder TRACKING control from
fully ccw position until VIDEO meter indication is maximum sand TV
raster is unbroken and free from streaking.

(See Figura 5-3) Adjust Video Recorder TENSION control until top of
picture, viewed on TV monitor, is straight (not bent left or right).

Stop Video Recorder playback when first audio cue - "mark 1" - 1s
heard on Video Recorder, by quickly pressing S STOP switch.

RESULY: Video Recorder stops playback.

Set Video Recorder AUDIO lever to RECORD.
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5-23.

5-24,

Press Forward switch on Auxiliary Audio Recorder. When first audio
cue - "mark 1" - is hear initiate dubbing by quickly pressing Video
Recorder R RECORD Switch.

RESULT: Auxiliary Audio Recorder dubs audio onto Video Recorder
tape.

When audio cue "terminiation 1" is heard, simultaneously press Stop
gwitch on Auxiliary Audioc Recorder and Video Recorder S STOP switch.
Set Video Recorder AUDIC lever to PLAY. Precs Video Recorder P PLAY
switch and repeat steps k thru n (for "mark 2", then “termination 2").
Repeat for all "marks" and "terminatfons."

Perform one of following steps:

1. To skip areas of video tape during audio dubbing, perform
Paragraph 5-26, Fast Forward.

2. To rewind video tape, perform Paragraph 5-24, Rewinding Tape.

3. To rewind Auxiliary Audio Recorder tape, perform Paragraph 517,
Rewind Tape.

4. To play back video tape, perform Paragraph 5-25, Playback.

If no furth~r use of the Video Tape Recording System is reauired, per-
form Paragraph 6-4, Shutdown For Storage.

VIDEO RECORDER MODES.

REWINDING iAPE.
NOTE
Following procedure 1is used to rewiad
video tape, evan if tape is in recording
mode or playback mode. (It 1s not
necessary to press Yideo Recorder S STOT
switch {n following steps.)

Refer to Figure 5-1, Table of Counter Readings/Time, for time necessary
o rewind tape,

Set Video Recorder REWIND-STOP-FORWARD switch to REWIND.
RESULT: Video Recorder begins ¢o rewind.
To stop rewind, set REWIND-S5TOP-FORWARD switch to STOP.

RESULT: Video Recorder stops rewvind.
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5-25.

(2]

PLAYBACK.

Refer to Figure 5-1, Counter Rzadings/Time, for time necessary to play
back tape. Ensure tape is rewousx!. Refer to paragraph 3-24, Rewinding
Tape.

Set Video Recorder AUDIO and VIDEO levers to PLAY.

Press Video Recorder P PLAY .witch, or (4f conmected), Remote Centrol
Unit P ewitch.

RESULT: (1) Video Recorder plays back wideo on TV Monitor
and audio on recorder speaka:.
(2) If Remote Control Unit is comnected, white lamp
on unit illuminstea.

If video tape containg audio, adjust Video Recorder AUDIO OUTPUT LEVEL
contrvl until recorder speaker volume is scceptable.

HOTE

During playback, occasionslly readjust
TRACKING control to maintain maximum
indication on VIDEO meter.

(See FPigure 5-3) Slcwly adjust Video Recorder TRACKING control from
fully ccw position until VIDEC meter i{ndication is maximum and TV
raster is unbroken and free from streaking.

(See Figure 5-3) Adjust Video Recorder TENSIOM control until top of
picture, viewed on TV ¥onitor, is straight (not bent left nor right).

To skip areas of tape during playback, refer to Paragraph 5-26, Fast
Forward.

1f a stillframe (stopping recorder to view a single field) is desired,
refer to Paragraph 5-27, Stillframe.

To «top playback, press Videc Recorder S STOP switch, or (if connected),
Remotc Contro! Unit S switch.

RESULT: (1) Video Recorder stops playback.

(2) 1f Remote Control Unit i{s connecced, wnite
lamp on unit extinguishes.
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5.26.

FAST FORWARD.
MOTE

Pollowing procedure allows skipping of
sections of video tape during playback or
record modes (it is not uecessary to
press Video Recorder S STOP switch in
following steps).

Ensure that ares of tape desired for playback or recording hr: been
identified by noting Video Recorder counter reading. Rafer to Figure
51, Table of Counter Readings/Time, for time necessary to resch
desired tipe area.

Set Video Recorder REWIND-STOP-FOXWARD switch to FOPNARD,

RESULT: Tape reels accelerate in speed (recording or playback
is interrupted).

When counter veeding indfcates that desired tape area has been reached,
stop fart forwvard by setting REWIND-STOP-PORWARL switch to STOP.

RESULT: Video Recorder stope fast forward.

Press P PLAY uwitch to continue playback, or R RECORD switch to continue
recoiding.

STILLFRAME.
NOTE
Following procedure is used to stop Video
Recorder during playback, allowing a single
field to be viewed on TV Monitor.

Ensure Video Recorder {s in playback mode. Refer to Paragraph 5-25,
Playback.

Use counter on Video Recorder to denote area of tape tc be stillframed.
Continue to operate Video Recorder in playback mode;, if desired, place
recorder into fast forwvard wmode (refer to Paragraph 5-26, Fast Forward)

until counter indicates that desired tape area is approaching, thenm
place recorder back to playback mode,
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d. When desired field appears on TV Monitor, press Video Recorder S STOP
switch, or (if connected) Remote Control Unit S switch.

RESULT: Video Recorder stops playback and automatically
stillframes desired scene (17 picture has diagonal
lines, or is torn, manuslly rotate reels until
picture shows a stillframe).
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SECTION VI

SHUT-DOWN

6-1. GENERAL.

6-2. Section VI, Shut-down, detsils the partial disassembly c° the Video
Tape Recording System for short period shut-down, or complete disasseambly
for storage or shipping.

6-3. SHORT PERIOD SHUT-DOWN. See Figure 3-2.

NOTE

Following procedure partially disacsembles
Video Tape Recording Systea to allow rapid
transport of system to another maintenance
task area if piayback {s to be performed,
or to awvait further use.

a. If Video Recorder 1s in process of recording or playback, rewind tape
and remove from Video Recorder. Refer to Paragraph 5-24, Rewinding
Tape.

b. If {llumination was used, turn off lights and disconnect electrical
cable W9 frcm lights and power source. Place cable W9 on reel No. &
on Television Cart and install retainer over reel.

c. Ensure 211 switches and controls are positioned as given in Paragraph
4--5, Controls Preliminary Seltings.

d. Discornect electrical cable W5 or W6 from power scurce and Teievision
Cart. If electrical cable W5 was used, store cable on reel No. 1 and
fnstall retainer ring. I[f electrical cible W6 was used, place cable
in storage provision in Television Cart.

e. If microphone(s) or headset was used, remove from MIC and HEADSET jacks
on Video/Audio Junction Box and place in storage provision in Television
Cart.

f. If extra TV monitor was used, disconnect electrical cable W10 from
sxtra TV monitor and Camers Station TV Morfitor. Disconnect power
cable from Televislon Cart powver {nput receptacle.

g. Disconnect elecrrical cable Wil from Televis. 'n Cart and VYideo
Recorder.




6-4.

o

Disconnect electrical cable bundle W8 from Video Recorder and Video/
Audio Junction Box. Store cable bundle W8 on reel No. 2 and repiace
retainer ring.

Disconnect electrical cable W) from Telavision Cart ac power receptacle
and from plug on System Power Distribution Box. Store cable W7 on reel
No. J and replace retainer riny

Clesn Video Recorder heads and guides. Refer to Paragraph 7-5, Heads
and Guides Clesning. Demsgnetize heads. Refer to Paragraph 7-4,
Heads Demsgnetizing.

SHUT-DOWN FOR STORAGE. See Figure 3-2.

MOTE

Following procedure cowmpletely disassembles
Video Tape Recording System for storage or
«nipping.

Perform Paragraph 6-3, Short Pericd Shut-down.

Disconnect TV Camera power cable and TV Monitor power cable from System
Power Distribution Box.

Disconnect electrical cable W4 from Remote Control Unit and Video/Audio
Junction 3ox. Disconnect electrical cable W) from Video/Audfo Junction
Box and TV Camera rear panel Video Level meter box.

Disconnect electrical cable W2 from Video Level meter Box and TV
Camera rear panel.

Place cables W2, W3l and WA in storage provision in Television Cart.

Unscrew tee screws on Reaote Control Unit; remove unit from camera
tripod and place in storage provision in Television Cart.

Unlock locking lever and remove TV Cawera from mount on tripod. Slide
camera onto holding lange in Television Cart and secure by rotating
jam nut ccw until tight.

Loosen two philips-head screwvs and remove camera mount from eangaging
pins on tripod. Place mount in storage provision in Television Cart.

Disconnect electrical cable Wl from Video/Audio Junction Box.

“emove System Power Distribution Box and Video/Audio Junction Box from
camera tripod, and place in storage provisions in Television Cart.
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Use allen wrench to loosen bolts on mountiag blocks and remove from
camera tripod. Place mounting blocks in storage provision in Tele-
vision Cart.

Lower TV Monitor mounting bracket te horizontal prsition. Remove
bungee straps from cer TV Monitor an:i fro:~ mourting bracket. Remove
TV Monitor from dracket (slide power cable and electrical cable ¥l
through opening in back of bracket).

Disconnect electrical cable Wl from TV Monitor zud vwlace cable and TV
Monitor in stoxrage provisions in Television Cart.

Remove pins and 1ift camera tripod off tripod dolly. Close tripod
legs and secure legs together by tightening knurled knob that attaches
supports to center columm.

Remove wing-nuts and U-bolts, and remove TV Honitor mounting bracket
from spreader arms on dolly. Screw wing-auts oa U-bolts. Place
U~bolts and bracket in storage provisions in Television Cart.

Fold spreaders on tripod dolly (Go not pinch hands) and fold dolly.
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SECTION VII

PREVENTIVE MAINTENANCE

7-1. CENERAL.

7-2. Section YII, Preventive Maintenance, provides i{nstructions on perfodic
mafintenance to be performed on certain units of the Video Tape Recording
System.

7-3. VIDEO RECORDER.

7-4. HEADS DEMAGNETIZING.
See Figure 7-1.
NOTE
Video recorder heads should be demagnetized
after every eight hours of use. Only three
c¢f five heads need to be demagnetized: video
head (3) in head drum (2); audio record/playback
head (11); and control track head (13). Do not
touch heads with demagnetizer at any time.
a. Ensure tape is not threaded on Video Recorder.
b. Connect Robins demagnetizer, Model HD-6, to 115 vac 60 cycle power.
c. Hold demagnetizer close to, but not touching, the head to be demagne-
tized. Slowly move demagnetizer up ard down head face, then slowly
wvithdraw demagnetizer to three feet .way from head.
d. Demagnetize other heads {n same manner.
e. Remove demagnetizer and disconnect from 115 vac €0 cycle power.
7-5. HEADS AND GUIDES CLEANING.
See Figure 7-1.
NOTE

Video Recorder heads and guides should be
cleaned after every eight hours of use.

a. Remove supply and take-up reeis frea Video Recorder.

b, Set controis and switches on Video ¥Teoorder as tiven in Paragraph «-5,
Controls Preliminary Settings.




¢. Disconnect Video Recorder power cable from Television Cart ac power
receptacle.

CAUTION

To preveat dsmege to Video Recorder, do
not epill cleaning fluid on painted or
plastic surfaces. Do not use cleaniog
fluid or rubber capstan (7), otherviese
rubber will harden and deform

d. Apply Magnetic Tape Read Cleaner (spray) (11, Figure 3-2) to video
head (3, Figure 7-1) to fiush out oxide particles.

e. Use cotton swabs to apply Ampex Head Cleaner (13, FPigure 3-2) to
rollers (1, FPigure 7-1) and (8), video head (3), guide arms (4),
tape guides (5), (6) and (9), and heads (10), (11), (12), and (13).

f. Apply Isopropyl alcohol to rubber capstan (7) using cotton swab (do
not apply any other cleaning fluid).

g. Connect Video Recorder power cable to ac power receptacle on Television
Carrt.

7-6. CAMFRA.
7-7. LENS AND FACEPLATE CLEANINC.
CAUTION

To prevent damage to vidicon tube, do not
allow sunlight to strike vidicon faceplate.
To prevent damage to vidicon tube caused
by residue in tubes, do not t{lt camera, lens
down, at an angle exceeding 345 degrees.

a. Remove three screws and remove lens mount from TV camera.

b. Use cotton swabs and high purity ethyl alcohol tu clean ..cumulated
dust from faceplate of vidicon tube and from lens. Use spiral motiona
from middle of faceplate or lens, outward.

c. Clean smudges or fingerprints from "ens.

d. PReplace lens holder and install leas using three screws.



RIGHT

FIGURE 7-1 VIDEO RECORDER HEADS AND GUIDES
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FIGURE 7-1 VIDEO RECORDER HEADS AND GUIDES
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APPENDIX 111X

TECHNICAL SPECIFICATIGNS

GPL 700 CAMERA SPECIFICATIONS

ELECTRICAL

POWER REQUIREMENTS

100-130 wvolits ac, 50 or 60 cps, single phase, 40 vatts (max.).
SCANNING STANDARDS

525 lines/frame, random fnterlace, )0 frames/second, 60 fields/second,

675 lines/frame, 2:1 interlasce, 29 frames/sec ond, 60 fields/second.

525 lipes/frame, EIA interlace, 30 frames/second, 60 fields/secoud.
HORIZOMTAL RESOLUTION

700 lines in ceater, 500 lines at cormers (with 525 line operatiom)

BANDWIDTH

10 mc (within 3 &)
88 mc (within 1 db)

AUTO-TARCET COMTROL

Compensates for scene brightness
variations up to 4000 to 1.

APERTURE CORRECTION
0 to +10 db

SIGNAL-TO-NOISE RATIO
40 db

SWEEP LINEARITY
Within 12

SWEEP CEOMETRY

Within 2
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GPL 700 CAMERA SPECIFICATIONS (CONT'D)

MECHANICAL
HOUNTING
Base of camera tapped for standard 1/4 x 20 tripod screws.
LENS }.OUNT
Standard 16mm "C" mount.
DIMENSIONS
6.56" high, 4.5" wide, 13.5" loag.
WEIGHT
12 pounds.
NV ROMMENTAL
TEMPERATURE
Continuous operation over an ambient air temperature range of

+500C to -100C(+1229F to +1+"¥). (At elevated temperatures a
heat dissipating base should be used.)
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.. < MODEL 7000, VIDEO TAPE RECORDER SPECIFICATIONS

POWER REQUIREMENTS

105 to 125 volics. 60 ~vcle at 2-1/2 amperes
Detachable 3 wise ~ower ceble end plug

VIDZO INPUT

75 ochms unbalance. terminsted intercally

1 V. P-P Composit: Video, negative going sync.
EIA or industri:l sync.

UHF type input connector

VIDEO QUTPUT

75 ohms unbalance! ' V. P-P Composite Video.
Ul'F type output conm.ector

MODULATOR JUTPUT

Video modulated r=*io frequency output.

UHF type output conrsctor

Tuneable thrcugh ¢! amnels 2 to 5 for use with standard TV receiver

Nowminal output W millivolts into 300 ohm load. Connects to TV receiver
antenns termiua...

AUDIO INPUTS

Front panel switch

Selects:

a. balanced 200 ohms mire at .2mv minimm
b. 100K balanced bridging .12 to 4.9 volts
c. unbalanccd bridging .12 te .9 volts
XL-type connector

AUDIO OUTPUTS
Rezi panel swvitch
Selects either line or spesker, or both simulta.zously
1. 600 ohm balanced or unbalanced line +4dbm ncominal o tput +20dba clipping
level. XL type coanector.
2. 8 ohms, 6 watt feeding Internal speaker. Available externally at
speaker jack.
VIDED RESFOMSE

30 cps to 1.5 MC +)db
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ANPEX MODEL 7000, VIDEO TAPE RECORDER SPECIFICATIONS (CONT'D)

VIDEO SIGMAL TO WOISE
42 db, Peak-2o-Peak signal to ras noisae
BORIZOWTAL RESOLUTION
350 lines limiting visual resolution on moncecops test pattearu.
AUDIO RESPOMSE
+Hd, 50cps to 12KC
AUDIQO SIGMAL TO NOISE
46dd trom peak record lewvel
AUDIO FLUTTER AND WOW
Less than 0.151 rms. (measured according to ASA standards)
TAPE SPEED
9.6 1ipe
VIDEO WRITING SPEED
1000 1ipes
ROTARY HEAD LIFE
500 hrs.
Will require adjustment after 250 hrs.
Uses a single plug-in field interchangeable rotary head.
REWIND TIME
4 minutes {(for 3000 ft. of tepe)
FAST PORNARD TIME
14 minutes {for )OO0 ft. of tape)
REMOTE CONTROL FACILITY
Remote play

Remote record
Remote stop
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AMPEX MCDEL 7000, VIDEO YAPZ RECORDER SPECIFICATIONS (CONT'D)

“APE

1" wide, | ai) xylar base video tape
3C00 fr, for . hr. recording time on 9-3/4" reel

CASE
Supplied In a heavy Jdutv luggage type case with two handles and 1id

SIZE

29" x 18" x 1s"

WELAHT
10O lbs.
OPERATINIC POSITION

Lorizoatal only




BELL AND HOWELL MODel '920 VIDEO TAPE RECORIER SPECIFICATTONS

GENFRAL

TAPE

Standard l-inch television tape (IM-351, o: equivalent), A-wrap.
REEL TYPE

Standard NAB reel, 8 {nches dilameter.
RECORDING TIMF

One hour with 8-inch reel containing 2150 feet of tape.
TAPE SPEED

6.91 inches per secound.
RECORDING FORMAT

Each field of video informmtion is recorded as a single and continuw.uas track.
Two audio tracks are standard. One audio track ‘s used as a cue track.

START TIME
Color: 3 seconds maximm; Morochrome: 2 se:conds maximum.
RUN-UP TIME
15 seccands maximum.
FAST FORWARD/REWIND TIME
9C secounds for onme hour reel (8").
VIDEO HEAD
One, plug-ia type.
MOTORS

Four: twe inducti{om torque and two hysteres{s synchronous.
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BELL AND HWXLL MODEL 2920 VIDEO TAPE RECORDER SPECIFICATIONS (CONT'D)

CONTROLS

TAPF MOTION CONTROLS

All cape motinn 1is controlled by four pushbuttons: FWD, REWIND, PLAY and
STGP. All controls are fuliy interlocked electrically, making it impossible
to break, 3pill cr throw tape. Functions can be remotely controlled with an
accessery unit.

RECCRD CONTROL

Thie normal record fwction, consisting of video plus audiu, car only be
initiated by simultaneoualy pressing the PLAY and RECORD pushbutton, when
vresged, znergizes the record circuitry which drops out when any tape motion
control fothexr than PLAY) is pressed.

RECORD INTZICATORS

When the cue switch is in the NORMAL RECORD position and the RECORD push-
button is properly oressed, the indicator lamp above the RECORD button will
light. 1In the AUDIO 2 ONLY position, tne indicator lamp above the cue
switch will light,

KRECORD LEVEL CCNTROLS

Video re. level, audio ) record “evel (main auldio channel) and audio 2
record level (cue chann-l) are individually adjustable,

METERS

Two: video level and audio level. Audio level meter is switchable betweer
audioc 1 and audiu 2 channels.

TRACKING CONTROL

The TRACKING control is adjusted to eiiminate tzaring of the reprcduced
picture.

TENSION CONTROL

The TENSION concrel is adjusted for minimum hook at the top of the reproduced
plcture.

COLOR LOCK. CONTROL

The cclor lock control is adjusted to eliminate colur banding of the
reporduced picture
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BELL AND HOWELL MODEL 2920 VIDEC TAPE RECORDER SPECIFICATIONS (CONT'D)

CONTROLS (CONT'D)

CUE SWITCH
In the NORMAL RECORD position, the audio 2 channel is recorded alony with
audio 1 and video. In the AUDIO 2 ONLY poeition, the audio 2 channel is
recorded while monitoring audio 1 and video.

TIMER

Reads tape passage in minutes and tenths of minutes. The reset button next
to the timer returns the timer to '000' when pressed.

VIDEC PERFIRMANCE

BANDWIDTH
Black and White Output: 30 Hz to 3.5 MHz +1 db and less than 4 db down at
4,2 MHz. Color Output: Luminance: 30 Hz to 2.5 MHz +1 db, -3db;
Chrominance: 3 MHz to 4.2 MHz.

SIGNAL TO NOISE RATIO

DIFFERENTIAL GAIN
Marimum deviation of 10 IRE unita (102 to 90X APL).

ANPUT LEVEL
0.5 to 2.0 volts.

INPUT SIGNAL

Any stendard 60 field, wonochrome or NTSC color signal. 75 ohm termination
in recorder.

OUTPUTS

Two: one for monochrome and one for color. Both are adjusted for 1 wvolt
composite video into 75 ohm line.

STABILITY

Horizontal Jitter: less than 0.5% of picture width witin monitors »f 7.5
millisecond horizontal afc time constant. Vertical

CROSSOVER

-

adjustable to hold within . microseconds.
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BELL AND HOWELL MODEL 2920 VIDEQ TAPE RECORDER SPECIFICATIONS (CONT'D)

AUDIO PERFORMANCE

NUMBER OF CHANNELS

Two standard.
BANDWIDTH

Channel 1: 75 Hz to 10 KHz + 4 db. Channel 2: 250 Hz to 7 Khz +4 db,
SIGNAL TO NOISE RATIO

40 db both channels (relative to 3% distortion at 400 Hz).
INTERCHANNEL CROSSTALK

40 db minimum
FLUTTER AND WOW

Less than 0.25Z rms.
INPUTS (both channels):

Microphone: 0.4 millivolts minimum, 200 ohms nominal. Line: -20 dbm to
+16 dbm. (+4 dbm nominal) 600 ohms balanced or unbalanced.

OUTPUTS (both channels):

Adjusted for +4 dbm output into 600 ohm terminated linme. +20 dbm clipping
level.

MOUNTING AND POWER REQUIREMENTS

MOUNTING CONFIGURATIONS
Two: portable (supplied in carrying case) and unmounted (for rack mounting).
DIMENSIONS:

Uncased: 19 inches wide by 12% inches high by 9-5/8 inches deep (%% inches
deep behind mounting surface including necessary clearance).

WEIGHT

Uncased: 57 pounds.
POWER REQUIREMENTS
110 to 130 volts, 60 Hz, 300 watts maximum
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APPENDIX 1V

APPROXTMATE EQUIPMENT COSTS

Item

Video ‘Tape Recorder, Ampex Model YR 7000
Video Tape Recorder, Bell & Howell Model 2920
Camera, General Precision Laboratory, 700
Zoom Lens, Canon 25-100 mm, f1.8, Model TV-16
Zoom Lens, Angenieux, 15-15 mm, f2.8
Pizar Lens, Kern-Paillard 25 mm, f1.5 (used)
Monitor, Miratel Model LV8M, 5" x 7" Screen
Conrac 23" Monitor, Model No. CVA 23
Tripod, Sampson, Model 7301
Tripod, Delly, Sampson, Model 601
Lights and Accessories
Vari-Beam 1000 Fixtures with Lamps, Model LQV-10
Multi-Broad, Variable Focus wita Lamps, Model LQBi¢-10F
Light Stands on Coasters, Model SSBLHA
Spun Glass Mtg. Ring
4 Leaf Barn Doors
Pole Kings & Accessories
Gaffer Grips
Carrying Cases
Video Tape for Ampex Recorder 100

Video Tape for Bell & Howell Recorder

177

400
75

40

77
72

28

17

15

36
42
36
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